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ELECTRICAL    TREATMENT 


CHAPTER  I 

METHODS  AND  APPARATUS 

To  obtain  the  best  results  with  the  nuKlcrn   methods   of 
electriciil   treatment,   it  is  of  the  utmost  importance  that 
the  practitioner  should  use  the  great<>8t  possible  care  in 
making  his  diagnosis  of  the  case  presented  to  him,  and 
should  carefully  consider  the  best  form  and  method  of 
applying  electricity  as  a  therapeutic  agent  if  he  decides 
upon  its  use.     For  more  than  a  hundred  years  static  or 
frictional  electricity  has  l)een  employed,  rude   plate-glass 
machines  of  small  power,  or  a  resin  electrophorus,  being 
at  first  usi'd  as  the  source  of  the  electrical  sparks ;   while 
during  the  last  half  of  the  nineteenth  century  treatment 
by  galvanism  and  faradism  came  into  use,  the  latter  mainly 
through   the   results   obtained   by   the  pioneer  work   and 
ardent  advocacy  of  Duchenne,  whcse  exploration  in  the 
almost  untrodden  field  of  neurology  at  that  time  led  to 
suih  an  enormous  increase  in  the  interest  taken  in  neuro- 
logical science. 

These  are  still  the  three  main  forms  in  which  electricity  is 
used  in  medicine,  though  the  instruments  now  employed  are 
of  far  greater  precision  and  power  than  formerly.  Various 
modifications  of  these  forms  of  electricity  are  also  used, 
static  electricity  being  applied  either  as  sparks  in  different 
ways,  or  as  positive  charging  of  the  patient  on  an  insu- 
lated stool,  or  as  the  negative  breeze.  Higl  jrequency 
currents,  like  static  electricity,  are  of  extremely  high  poten- 
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-^:n;::n:'::;x:!;!t:;;r:rt::;-: 

,,.vthn  ^,                  >'r"."-l»al  ...  its  alternations 
.   .      ,„    „,    ,„„„„„„    „,   „,_,  ,.|^,^^^_ ^.^^  n 

2  ;<■".,.-„,.  Thi,  .,i„ ,„,  ,,,„,„„  ,„,;.•■"; 

„    ,h      u         "     an  apparatu,  „l,i.l,  will  „ll„„-  „„o  nhnt 
itjr";',""^-'';"""'  '"  ''"«»  '■"'  "-"  ""■  '■"-.    TO 

|.rnn,m    '     ""''.••''""'"■"™  »n<l  l.'H.l  polo,,  in  whi.l,  ,h,. 
u'odtfZ;:',-  '"  ""■.;■""»'"■"  voltaic.  .„rr,.„,,  J,. 

.■.,rr™I  ''"■;•'■::""■""■''»  "I  'n.ploym,.n,  of  ,h.,.  form,  „f 
S  I   ,„  1  ''"^.  ■""'''«-"■»'■»  »i"   b.  ,r,,,„d  more  a 
Knou..  1       ,  ''"'""".  '■''"'"™  ''""""l  '"  tl""  purpose 

11"  rou*? ""   '"^T""-"'  •"  '--  a"  .ho  po^iil 

ouiml      d„!  '°"'"''"';':''  """»■'•  »'  ""'"".v  would  be  re. 

an.  ,1a.  only   ,n»,rum..nta   that   the   average   bniy 
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prartitio,,..rvvilIl.,v,.fh..,i,M..,.r,.pportMMi.vtu„s..     (Ws 
nMirnnn,-  tr..atm..nt   I.y  ,1...  rWtnr  |..t|,  o,  ,.,.  ,,\,,i,.',;^ 
h.Kh  fr,.<,n,.„..v  ,.urn„ts.  will  ^.-m.-rallv  l.av,.  f„  I,,,  s.-nt  f„r 
tr..afn„.Mt  t„  thns-  {.nssessin^^  a  larj.,.r  ..Itvtn.al  i,.sfallati<m 
..M.l  whns-  t,„„.  ,s  ,„.„v  uiv,.,,  „,,  to  this  ,lass  „f  work 

Treatment  by  the  faradic  current  is  ..s,.....iaiiv  u«..- 

<-'l  u>  <.as,..s  wl,..n.  f:,.n..ral  s.-nsory  stin.ulafio,.  is  rvouin.l 
-  m  l.yst.na  and  n..urastlnM.ia.  ..siu-ciallv  i„  ih,  J  ,,,..:, 
-l.n.    ,„ta,H.ous    a„K.sth..siH    .s    a    ,>ro,„i,„.,.f    s.,„pto,„; 
-■..;Tal  st,mulat.<,„  <,f  th.-  surfacv  l>y  faraclis.n  is  also  us.- 
fni  n,  cas.s  of  ...„,.ral  tlal.l,i.,..ss  an.l  a„».mia.  in  ri.k.ts 
ami  ...  ,.as..s  ..f  susj„.,ul,  ,1  animati..,,.  as  in  svncop.  durinK 
th,'  a.lnnnistrat.o,.  of  an  anasflu-tic,  or  thecoma  of  opium- 
poison.nu  or  otlu-r  narcoti,-  .Iru^s.     Fara.lism   is   also   of 
K-vat  s.rv,.,.  ,n  thos.  ras.s  wh-n-  nH,s..ular  stimulation  is 
r.'q.un.l    as  n.  all  .as-'s  ..f  paralysis  wlu-r,-  tl..  farad.r  n-- 
mt.ons  of  th.  musrlos  an-  pn-s^rv,.!.     ft  is  oft.-n  tawdit 
that   arad.s.n  is  in.licat,  d  for  tr.atnu-nt  of  strip.,!  vojuntarv 
•""s.!c.,  and  fralvanisni  for  nnstrip..,}   mu.s.l,-    such  as  th. 
inf.-.st.n.s      Th.s  is  a  danu.rons  .rror  :    the  galvanic  cur- 
n-nt  should  n.v..r  ho  appli.d  to  the  mucous  n.cnd.ranc  of 
th.'  stomach  or  re.  turn  for  trcatn.cnt  of  n.uscular  atonv 
.'X.Tpt  by  an  cxi„.rt.  on  account  of  th(>  serious  dan^^.r  of 
I.rc.du,..n.  electrolysis   ar.,1   ulceration.     On   the   contrurv 
the  farad.c  current  is  of  the  f-reatest  service  in  the  treat- 
"..•nt  of  chronic  atony  with  dilatation  of  the  ston.ach  when 
appli.-d  hy  means  of  a  special  electrode  introduce.l  into  the 
stomach,   and   also  in   cases  of  chronic  constipation,   one 
pole  heinp  introduced  into  the  rectum. 

Another  valuaMe  example  of  the  cla.ss  of  ca..e  in  which 
faradism  ,s  often  of  the  greatest  henetit  is  c-ertain  cases  of 
"<""ralg,c  pain  wluch  may  jH-rsist  after  nniscular  rheu- 
•"at.sm.  lumhago.  sciatica,  or  pleunsy.  For  the  ..[.roni.. 
l»ain  in  the  sule.  often  most  .severe,  whi.h  son,..fir»..s  n 
'"a.ns  long  after  all  other  signs  of  an  attack  of  j.l'.ursv 
have  passed  away,  treatment  I,y  th.  larad.c  current  »■  .'v 
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nftod  prove  of  tlic  yn-jitcst  SfTvicr.  In  roctal  and  uterine 
prolapse  also,  and  in  certain  cases  of  enuresis,  this  form  of 
treatment  may  sometimes  be  used  with  yreat  success.  The 
various  methods  of  treatment  In-at  suited  for  these  dif- 
ferent conditions  will  lie  treated  more  at  length  in  the 
cha})ter  specially  devoted  to  Faradic  Treatment. 

Galvanism,  or  the  constant  current,  is  indicated 
in  those  cases  where  definite  chemical  chan^'e  in  the  tissues 
set  up  by  electrolytic  action  is  required,  rather  than  the 
simple  stimulation  or  shaking  of  the  tissues  which  the 
faradic  or  alternating  current  j)roduces.  Thus,  the  elec- 
trolytic action  of  the  constant  current  is  taken  advantage 
of  in  the  treatment  of  nacvi,  in  the  epilation  of  hair  with 
destruction  of  the  hair-follicles,  the  electrolysis  of  uterine 
fibr-)ids  and  of  strictures,  though  for  these  two  latter  con- 
ditions surgical  measures  are  prol)ably  much  safer  and 
more  cfTicacious.  Owing  to  its  more  pronounced  chemical 
action  the  constant  current  has  the  power  of  provoking 
contraction  of  degenerated  muscle  in  cases  of  neuritis  or 
other  nerve  or  spinal  lesions  in  which  the  trophic  centres  of 
the  muscles  are  damaged.  Such  contraction  is  i)roducod 
only  at  the  make  and  break  of  the  current,  especially  at  the 
make,-  and  conse(|uently  the  constant  current  a})pli'd  by 
means  of  electrodes  immediately  over  the  degenerated 
muscka,  with  frequent  interruptions  of  the  current,  is  of  use 
in  the  treatment  of  such  conditions,  by  keeping  up  the 
nutrition  of  the  paralysed  muscles  and  retarding  their 
wasting.  This  method,  in  which  one  electrode— either  the 
negative  or  positive  pole,  according  to  the  kind  of  case— is 
stroked  over  the  deg(>nerated  muscles,  is  known  as  the 
labile  method. 

Stabile  galvanism,  in  which  the  electrodes  are  kept  ap- 
plied to  the  parts  that  are  being  treated,  and  in  which 
the  current  is  allowed  to  run  smoothly  in  the  same  direction 
for  several  minutes  without  interruption,  is  often  useful 
in  the  treatment  of  vasomotor  disorders,  such  as  Ravnaud's 
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(liscuHo,  '(Icud  finpTs."  chill.lainH,  o.xophthalmic  jjoitro, 
and  in  other  cast's  where  pain  is  a  prominent  feature,  as  in 
the  pain  of  a  subsiding  neuritis,  in  sciatica,  brachial  neu- 
ritis, and  rheumatoid  arthritis.  Sometimes  this  form  of 
current  may  also  help  in  relieving  spasm,  as  in  spasmodic 
torticollis,  and  the  occupation  neuroses.  As  an  ancdvne. 
the  positive  pole  or  anode  has  the  greater  sedative  effect, 
and  this  may  he  applied  over  painful  spot*?,  as  in  trigeminal 
neuralgia.  By  means  of  this  current,  also,  drugs  may  he 
introduced  through  the  skin  into  the  circulation,  by  the 
j)roce.ss  known  as  catajdioresis.  Thus,  using  the  ancde  is 
the  active  electrodi",  cocaine  may  be  applied  to  render  the 
skin  anoMthetic,  Ity  wetting  the  terminal  with  a  strong 
solution  of  cocaine,  and  pressing  the  electrode  on  the  skin, 
])assing  a  steady  current  of  10  ma.  for  five  minutes. 
^  The  sinusoidal   current  for    treatment   is    generally 

/      obtained  from  the  alternating  current  electric  lighting  mairs, 
but  it  may  be  produced  by  means  of  a  small  motor-trans- 
former in  places  where  the  direct  current  is  supplied,  or 
by   using   a   battery   of   accumulators.     Single-phase   and 
three-phase  currents  are  used,  though  there  is  no  particular 
advantage  in  using  tlie  latter,  except  in  some  cases  where 
three  limbs  require  trcitment  at  the  same  time,  wliich  may 
be  done  by  using  the  arrangement  known  as  Dr.  Schnee's 
bath.     The   sinusoidal   current  is   an   alternating  current 
much  smoother  in  character  than  faradism,  tiiough  some- 
what similar  in  its  effects.     It  U-taniscs  muscle,  though  it  is 
less  painful  for  the  same  degree  of  contraction.     It  is  often 
used    for    the    treatment    of   atrophied    and    degenerated 
muscles,  though  for  this  purpose  I  consider  it  far  inferior 
to  reversals  of  galvanism,  or  to  faradism.     Dr.  Reginald 
Morton  advocates  the  use  of  a  sinusoidal  current  of  very 
low  periodicity,  and  claims  that  it  produces  contraction  in 
degenerated  muscle,  as  in  cases  of  infantile  paralysis,  much 
as  reversed  galvanism  does.     I  use  the  limusoiclai  cul-rent 
chiefly  in  the  treatment  of  spastic  conditions,  using  arm 
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"'"I  H  l-aths,  an  in  J)r.  S.hnn.'s  iMth.  in  n.n  s  nf  trarnvrrso 
"•y.'litis,  .liMscniinat..!  sv]vu.s\h,  an.l  h<'rni|.l..j;ia.  ft  i.s  in 
J-».Hf.s  of  <(,n.parativ..Iy  tvcnt  ..nsrf   that  I  huv.-  svru  thv 

l«'.st  ..fT.Mts  i.r...lu(...l  l.v  this  trrat nt.  tlu-  ri>;i.]itv  in  Immi- 

I'K'ia  .rrtainiy  s.-.-niiii^r  to  U-twiW  .■ons;.l,.ral.lv,  and  .-as.  s 
••«  N|M,sfi..  j)arai.l..j;i.,  ,|,„.  ,„  ,|i,.s..minat.  ,1  sclcn  sis.  mvrlitis 
'•tc,  ..ftf.n  ^'ainin^'  in  sti.-n^th.  with  a  ronvspondin^r  ,li„ii„„' 
tx.n  of  th..  ,iKi<nty.  r  hav...  hovv..v,.r.  fuun.l  no  hrnWit  from 
th.s  tr..atn,..Mt  w  ,as.  s  of  lonn-stamlinn  spastic  paralvsis 
wfHT..  t  H.  ri^n.l.ty  is  yr.at.  .s  in  old  casrs  of  h.miph.LMa, 
•'.siK-oially  if  fh.T.-  an.  niark.-.l  ath.-toid  n.ov,.ni..nts 

-  Th..  pulsating  unidirectional  ...rn.nt,  whi.  h  mux  ho 
pr«Hlucod  l.y  ,no.lifyinK  the  sinus.wdal  .urn.nt  l.v  nioanH  of 
H  romniutator  on  th..  nw.t<.r-transfor,n,.r,  or  l.v  moans  of 
th..  Nndon  valv,.,  will  hav,.  j.ra.ti.allv  th..  sam..  ..flF.rt  as 
H  rapidly  int,.rnipt.d  ^alvani.-  .urrmt.  such  as  may  ho 
pr.ulu.Td  hy  m..ans  of  an  aj.paratus  known  as  th.'  Lcduc 
nu.t..r.  It  will  hav,.  ..l,.ctr,.lyti.-  ..ffocts,  tlu.UKh  sonu-what 
"donor  to  tho  snu.oth  constant  curront.  and  will  k-  mon. 
paiidul. 

Static  electricity  has  for  lonjr  l,.v.n  r..coj:nisod  in 
Ainonca,  an.l  to  a  l.-ss  .1,  jiroo  „„  tho  (  ontinont.  as  a  most 
valual.I,.  tlu.rapoutic  af^.-nt.  It  has,  howovor,  until  com- 
parat.v..|y  n-contly  l„.,.n  look,Hl  at  somowhat  askanc  in 
this  country,  tho  machines  hnu^  r..gar.lod  nioro  as  plav- 
thin^'s  than  of  roal  practical   Innofit  in  tho  troatmont  of 

<l<H..as...     'J  his  has  1 n  duo  chi..fly  to  tho  small  sizo  of  tho 

">".hin..s  .„  uso.  To  got  anything  liko  roailv  valuaMo 
r.'sults.  larg,.  ma<hin..s  must  I...  us.-d.  .-onsisting  of  eight 
1>  at,.s  of  th.rty-six  inches  ,Iiam,.tor.  Th.  so  ma.hines  with 
their  n,.c..ssary  acc-ssori-s  aiv  .-..stlv  and  take  up  a  con- 
suh-rahl..  aniount  of  spa,...  Th,.y  r..,p,iro  an  electric  motor 
to  .Inv,.  them,  and  .•ons,.,,u,.ntly  ar,.  not  easilv  availahio 
Of  late  years  th,.n.  has  l,o,.n  what  might  ho  d,.8cril,ed  as  a 
'"•oin  m  th,.  use  of  high  frequency  currents,  and  a  corn- 
sMon.ling  ,liminution  in  tho  attention  given  to  static  ohc- 
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tri(  ity,  thou^^h  tlun-  can  l.«'  littl«'  doubt  amonnHt  unbiaHwd 
oh-stTvers  (tf  th«'  firt-atrr  tlirrajM-utic  valuo  of  tlu*  latter. 
Static  «'!<•(  tricity  may  hv  adniinistt-nd  eitluT  u»  yumtiw 
charyin^',  or  la  the  lu'gatiw  \m>vu\  or  in  the  form  of 
sparks. 

The  jjeneral  irMlicatioiis  for  treatment  witli  this  form 
of  <'Ie<  tricity  are  Hym]>toms  of  neurasthenia,  functional 
heaflache,  insomnia,  depnssion,  aid  fumtional  paralysis 
and  anasthcHia.  Its  effects  are  stimuhiting  and  invigorat- 
ing, raising  the  l)Io(d-j)re»sare  ai;d  increasing  the  action  of 
the  skin.  It  is  said  to  exert  a  stimulant  action  on  mcta- 
holism  ;  and  since  the  current  is  unidirectional,  resembling 
galvanism  in  this  nspect,  it  may  well  In*  that  this  form  of 
current  may  e.xert  a  chemical  action  of  thj.t  nature  on  the 
exchange  processes  in  the  tissuts.  It  is  especially  in  casts 
of  low  lilocd-pressurc  that  treatment  by  static  charging 
is  indicated,  and  persons  whtse  b!o(d-prcssure  is  already 
high  may  l)e  made  uncomfortable  by  it. 

High  frequency  cum^nts   are  suppcscd  1         any  to 
have  effect  on  the  metabolism,  and  to  be  beneficic    in  cases 
of  gout,  rheumatism,  diabetes,  and  anaemia.     The  general 
effect  of  this  current  is  to  lower  bloc d -pressure  and  to  act 
as  a  sedative  in  states  of  mental  excitement.     It  is  often 
useful  in  cases  of  neurasthenic  headache,  especially  when 
combined  with  light  massage  to  the  head.     The  claims  that 
have  ()een  made  for  its  curing  cases  of  gout,  rheumatism, 
diabetes,   and   pulmonary   tuberculosis  are   unsubstantial, 
and  arc  to  be  ascribed  more  to  the  enthusiasm  of  the  ob- 
server reporting  the  cases  than  to  any  real  and  lasting 
lienefit  accruing  from  its  use.     For  local  treatment  of  atony 
ajui  dilatation  of  the  stomach,  for  chronic  uterine  diseases, 
venereal  diseases,  and  piles,  similar  claims  have  also  been 
made,  with  an  equal  degree  of  justification.     For  certain 
chronic  diseases  of  the  skin  high  frequency  currents  may 
undoubtedly  have  a   beneficial  effect,  as  in  lupus,  eczema. 
acne,  and  pruritus,  and  in  indolent  ulcers  requiring  local 
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MCHH.  h.Kh  n.,,u,.,u.v  rurn.nt.s  n.ln.iniHt.r..,!  tc,  tho  H.alp  hv 
moans  of  the  van.um  ..l....tn..lo.  hav.  !«..„  f.,...!  to  am.'t 
tlu-  loHs  of  hair  and  rvrri  to  cur.,  the  nlop^uia 

For  practical  i,un,os,..s  there  ar,-  two  methods  of  a<lmini«- 
.•nnK  h.Kh  frequency  currents:  (J)  y^y  auto-,omlen.,a- 
t  on  ami  (2)  ,v  local  treatn.e.t  |,y  metallic  points,  va.uum 
•■l-trn,le.  or  l.y  the  effluve  or  l.rush  discharge.  Then-T 
a  th.rd  method  of  auto-condu.tion.  in  whi.h  the  patient  is 
I'''^'-l  ""f  re  y  within  a  lar.^e  solenoid,  hut  it  is  a  cumher- 

some   n.ethod  and   has   not    I n   found   to  present  an v 

Hp<'<ial  advantaps.  *  • 

AIM'AHATl  ,S   AM)   ol  tkIT    KKgrilfKI) 
This  will  he  descrilH-d  in  the  following  order  :- 
I«  Faradism. 
2.  (ralvanism. 

:'>.  .Sinusoidal   current   and    its    modifu  atiors. 
•I.  .Static  eh'ctricitv. 
T).  High  frequency  currents. 

1.  Faradi8m.~It  is  not  proj>os,.d  here  to  dve 
in  any  way  an  historical  review  or  exhauative  index  of  all 
the  different  k.nds  of  faradic  hatteri,s  that  are  hein«  or 
hav^  been  u.sed.  I  shall  give  the  essentials  for  an  efTident 
batt..ry,  w.th  a  short  dcsc-ription  of  two  or  three  f^ms 
now  on  the  market.  The  best  type  of  battery  for  the 
pract,tu.ner  w.ll  depend  on  the  conditions  of  his  practice- 
whethe,  the  battery  will  have  to  be  carra-d  about  from 
patient  to  patient,  or  whether  it  is  intended  for  consulting- 
oom  use  only.     In  the  n.  .jority  of  cases  the  batter^^  Jn 

will  ^h  "/'  '.     TT^'  ^"'""'  '^"  '^'  '^^'^^^''  -d  it 
uill  the  e  ore  be  clearly  an  advantage  to  have  a  battery  of 

moderately  small  dimensions  and  as  light  as  possible. 

llie  cell  that  is  now  universally  ns.d  to  drive  medical 

c-o.ls    ,s   of    the   Lec.lanche   ty,H..   and   I    should   strongly* 
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n'comm.'nd  Auyonv  punhiiMriK  a  l.attiTV  for  iiH'dical  pur- 
|H«,.rt.  wh.'th.T  for  furadism  or  for  Kalvani.sm.  to  hav..  it 
fUt«.,l  with  dry  (tIIh  and  not  w.-t  on. «.     Th.-  thy  wlU  ,«n 
Ih«  i-urri...l  in  any  jxisition,  nn.I  ar.>  mm  h  li>jht«.r.  an  impor- 
tant point  with  a  l.att«.ry  contiiinin^  f<.rty  <..|ls.  «iuh  an 
i»  oft-.'n  r.'(|uin  d  for  «alvaniKni.     M<»n'ov.-'r,  th.-y  ^^i\■^'  no 
troul.l.'  in  th.'  cnM.pinK  of  tho  saltH,  with  oroHion  (.f  th.-  wir.'H 
and  l.inding  scrowH.  Huch  m  Wft  <ol!s  so  con^tantlv  jriv.-. 
On  th.'  other  hand.wh.-n  .'xhaUHt.d,  th.-  n-lls  cannot  Ik-  n- 
n.'W.-d,  hut  must  Ik-  discarded,  and  n.-w  ..n.  s  fitt.d,  a  pro- 
c.-ss  which  must  W  n^p-atcd  from  every  six  months  to  two 
y.-ars,  according  to  the  amount  of  use  to  whi.  h  the  Lattery 
is  put.     The  well-known  Ohach  and  Hellesen  cells  are  hot'h 
good  ones  ;    th.se  can  he  obtain,  d  in  various  sias  for  dif- 
fer.'nt  Latteries.     Ft.r  a  faradic  InUtery  one  or  tw(.  cells  only 
are  requin-d,  hut  a  much  larg.  r  cell  is  necssarv  than  is 
used  in  most  galvanic  hatt^-ries,  as  V(.lume  ..f  curn-nt  in  th.' 
primary  coil  is  required  rather  than  hij.h  voltage.     This 
size  of  cell  is  usually  .sold  for  half-a-<rown. 

A  point  of  great  importance  in  the  pr(;duction  of  a 
smooth  current  in   the   secondary  coil  is   that  the  int.-r- 
ruptor  hammer  should  vibrat*  directly  against  the  iron  cor.' 
of  the  primary  coil.     This  hammer  of  the  interruptor  may 
Ih!  either  a  rigid  red  working  against  a  small  coiled  spring, 
or  the  int.'rruptor  itself  may  W  made  of  a  ])iece  of  st.'.-l 
spring,   the   lattiT   form    being    usually    the  most   conve- 
nient, and  a  high  rate  of  interruption  maybe  maintain. d 
with  it,  giving  a  fairly  smootli  current  in  the  secondary 
coil.     With  this  form  of  interruptor,  the  iron  core  must  b.>  a 
fixture  and  cannot  be  withdrawn,  weakening  of  the  primary 
induced  current  being  arranged   for  by  slipping  a  brass 
tul)o  over  the  iron  core,  thus  cutting  of!  the  maj'netic  fi.-Id 
from  the  primarj'  coil.     .Vs  the  brass  tube  is  slowly  with- 
drawn, so  the  primary  coil  is  excited  by  the  magnetic  field, 
and   the  primary  induced  curren*  becomes  stronger  and 
stronger,  until  tho  maximum  is  reached  with  the  complete 
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^U  uJ  u,v.,  ,.f  „.  tub...     If  th..  int.rru,>n.r  hamm.-r  is  a 

ULst  I...  prolon,,.,!  I.yon.l  th.  pivot  an,l  atta.hul  to  a 
-.•.lspnn,,tl.t.nsi,.n<.f.,n,^ 

■    s  •-'«       J„  s,.,n.  (;..n„a„  typ^s  of  faradi.  l.at'torv  th. 
-t        Ptor  hanwn...  is  „...!.  to  v.l.rat.  against  a  s.pl.rat.. 

■  , ,  :";'7''r''''^'''''''''-i'''^'-'--it.  Thisisaono 

,   ff  '"'  '"■•'"">■  ••""■•'"^-     ''••-  —nt  from  this 

of  „.adu,H.  H    h..w,.v..r,  not  so  sn.ooth  an.I  st.ulv  as 

'  -  ".  w  ueh  the  hannner  is  attachMl  to  a  stiff  spHn, 
•""''"''<-  .luvctly  a«ai.st  th.  iron  .on-  of  ,h.  primarv 
-advant^^^^^  - 

.t        ,  tor,  an,    a  n,oval>l.  iron  .or.,  for  th.  prnnarv  C0.1, 

"'■''  '■>  """'''"'t^'  w.thdrawal  <.f  th.  iron  .or.  tl-.r,".  is  no 
'-"J-'-r  any  ma.n.ti,.  fi.|,|  ,.flf,,t  on  th.  s..o,ularv  .rd 
l;';---  -.Is.     Th.  ind...d  .urr.nt  in  th.  s.-ond:!;.-  ::fl 

.H.u    ..ry  n.uch  w.ak.r.  and  is  pn:du..d  o„lv  hv  imhu- 

>n    n>n.  th.  ,..i.a^.  ,,au..d  .urr.nt  n 

s  th.,.for.  of  much  short.r  duration,  and  ..ons.quentlv 

h^^d bv ti  '"'N^T'  ""^'"'"^  -"^'•-•^'-  -V  i; 

o'uain.u  t)v  this  ni.tlu  rl      T^.  -  i  »   • 

in    ♦,       .r    '.,    "''"'''^-      '"<''»f'»i'ia(urr.nt(oinparaM. 
-  ..ngth  wuh  a  n..dium  str.n.th  .urr.nt  ohtain.ll  wh.n 
t  K  ,  on  cores  ,n  us.,  ,t  w,ll  1,.  „,,.,,,„,.  ,„    ^^^^^  th. 
V  -Mdary  cod   nuu-h  further  ov.r  th.   priniarv  ih.n 
iron  cor.  is  tak.n  out.  " 

'n,.  str.nf,th  of  til.  faradic  curr.nt  ol.tain.,1  from  th. 

-oondaiy  cod,  usually  call.d  th.  s..ondarv  .urivnt  \Z 

>-an.d   la  s.v.ral  d.tf.r.nt  ways.     This  niav  ,.  '  ^  i^ 

•  .  k..p,nK  tiio  secondary  coil  ix.rman.ntlv  ilx.d  ov.r  th 

;'  "-T  -'i,  and  dnninishinu  ,h.  str.n.th  of  th.  pr un  iv 

f;:'''^"'"'-'-;^  -^'--  '^v  withdrawing  the  iron  ^^^^^^^^^^^ 
'>    sLppinj,  a  brass  tube  over    the    iron    core.     With  'th 
latter  method  th.   nrimarv  and  ..cord.n  indn.    1 

will  be  at  tiieir  strongest  when  th.7  '"''■""' 

>ngt!,t  \Mien  the  brass  tul)e  is  completely 
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witlidnnvn,  l.ut  with  a  inoval.lc  iron  core  tlie  curr.'nts  will 
Im'  w.-ak.'st  wlu'ii  tho  (-(.ro  is  (■om})l(.t«>|y  withdrawn.  Either 
..f  th.'s,.  two  m.-th((ls  may  \.v  adcpt.d'  in  the  esse  cf  .small 
aii.l  .hraj)  faradic  hattcrics,  when-  wouumv  of  span-  and 
of  cost  is  dt'siralilc. 

Such  a  hattvry  is  that  known  as  Dr.  Spamcr's  (-..ii.  .sold 


Fif,'.  1.  -,Si.ainLrs  faradic  battery. 

hy  Messrs.  .Shall  for  £1  (Fijr.  1).  This  is  a  small,  compai  t 
I'attcry  driven  l.y  one  dry  cell,  which  is  said  to  w<.rk  for 
t-rty  to  sixty  hours.  There  is  a  si)rinM  vibrating  hammer, 
with  a  li.Ked  iron  core  and  fixed  secondarv  coil,  the  varia- 
tion of  the  strenjith  of  hotli  the  prinuirv  and  the  .secon«larv 
induced  currents  heinjr  arrant;..d  for  l,v  slioninL'  a  m-t^il 
tui.e  over  the  iron  cure.  There  is  a  swit(  h  for  the  starting 
'  f  the  battery  current,  and  two  pairs  of  binding  .screws 


-.**"; 
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oithiT  th«  primary  or  th..  secondary  current 

urrent  ,s  ly  arrang.n,  for  the  ..condary  coil  to  slide  oveV 
the  pnmary    the  current  dinunishing  in  strength  as  the 
secondary  cod  as  withdrawn  from  the  primarv.     This  i 
much   more   delicate   and   exact   way   of   graduating     he 
strength  of  the  secondary  current,  and  such  coils  are  bu.wn 


Fi^'.  2.     Lewis  Joiit's's  fitnulic  battery. 

cos  1>    than   the  simpler  form  of  battery  previously  de- 

s  .t  1  """"frr^^^  «f  ^his  form  of  faradic  l,attery 
^  Hiat  des,gne<l  hy  Dr.  Lewis  Jones,  usually  costing  £2 
^-  -;.  It  has  a  spring  hammer  vibrating  against  a 
f.xed  ,ron  ..re  and  tl.  prin.ary  current  is  n:t  nLle  us;! 
coil  Py':':'f!''y  -*''  «'i^^-  -ver  the  primarv.  and  the 
cod  ,s  divided  into  two  unequal  parts,  each  of  which  is 
connected  to  two  of  three  binding  screws  provided  Bv 
this  arrangement  the  current  from  one-third,  two-thirds 

has  cer  am  advantages,  as  we  shall  see  later.     The  bat- 
tery  i.s  driven  l>v  one  Iitjt.-  rlrv  ^^  ll       •  i  i. 
,  ■      "^  ^^^rg,  dry  ct-ii,  said  to  supply  curn.nt 

tor  eighty  hours'  working  of  th,-  eoii.  ' 
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Ariotlwr  way  of  rt■f;ulatiIl^  the  str^•n^th  of  tli.-  priniarv 
and  secondary  currents  is  ])y  praduating  the  8tronf:tli  of 
t\w  exciting  current  from  the  driving  cell  ;    this  is  done  by 
means  of  a  starting  switch  making  contact  with  a  series 
of  metal  kno]»s.  each  conrtected  with  resistaiucs  of  dif- 
ft-rent   strengths.     Lastly,    in   some   secondary   c»   ^s   with 
long  windings  of  1(».(XK)  turns,  the  winding  may  he  tupped 
at  diff<"rent  lengths.     By  means  of  a  radial  switch  and  five 
metal  knol  s  attached  to  the  winding  at  L'.Cdd.  4.(!(l(t,  (),(K»0, 
f<.(MK),   and   the   full    lo.dOO   turns,    the     strength   of    the 
s"condary  current  at  the  binding  screws  will  vary  accord- 
ingly.    The    tlectromotive    force    of    the    induced    current 
in  these  long  coils  is  higher  than  in  a  coil  cf  only  a  few- 
hundred  turns,  and  the  effect  of  the  current  on  the  cuta- 
neous sensory  nerves  is  greater,  so  that  for  producing  effects 
of  sensory  stimulation  of  the  skin  it  would  be  better  to 
choose  a  coil  of  long  winding  and  to  use  the  coil  with  the 
iron  core  kept  in.     For  producing  good  muscular  contrac- 
tions with  comparatively  little  cutaneous  sensory  effect, 
experiments  by  Drs.  Head  and  Lewis  Jones  have  shown  that 
with  a  very  high  rate   of  interruptiors,   I'dO  to   :M)  per 
second,    good    muscular    contractions    may    be    pri;duccd 
without  any  painful  eftect  at  all  being  pn  duced,  so  long  as 
the   mu.>,(lo    is   not   strongly   tetanis«(l.     Tf   the   muscle   is 
thrown    into    strong    cramp,    there    may    be    severe    pain 
from  stimulation  of  the  sensory  nerve-endings  within  the 
muscle,    not    from    stimulation    of    the    cutaneous    nerve- 
endings. 

Tracings  o,"  the  curve  of  the  electromotive  force 
developed  by  the  induction  current  of  any  coil  may  be 
obtained  by  photographing  the  ( urves  obtained  by  means 
of  an  instrument  known  as  the  oscillograph.  Dr.  Head 
has  found  that  with  current-:  Ifsting  less  than  one  eight- 
thousandth  of  a  second  in  duration  no  painful  effect  in 
produced  on  the  skin. 

Lnfortunately,    we    poss- ss    no    convenient    means    of 
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n,.Hs„nn^  tl,o  ...t.n.sity  ui  th,-  fura.lic  .urronf.  co,„,.aral,I,. 
to    tho    f;alvanr,m..h.r   wlmh    is   „sr,l    f.,r    mv.mniu.   th. 
conntunt  curn-nt.     The   l,ott.r  made  and  more  ex,H.„siv,. 
sl.'d«e  (•.„]«  have  a  urMn^iUa  scale  on  tlie  sledue    with  a 
pointer  attached  to  the  end  of  the  movahle  seeondarv  coil, 
so  that  the  distan.e  through  which  the  coil  is  moved  awav 
from  or  towards  the  primary  .-an  ho  accuratelv  measured  • 
and  suj.poH.nfi  that  the  driving  current  of  tlu-  coil  is  the 
■same,  and  that  the  interrupt<.r  is  vihratinp  in  the  same 
way.  on  any  two  difTerent  occasions,   then   the  same  i„- 
tens.ry  of  s.-ccndary  current  can  h.  ol.tain<d  on  l.oth  occa- 
sions l.y  seeing  that  the  secondary  coil  occupies  exactlv 
the  same  position  on  tho  sledge.     In  practice,  the  medical 
man  will   get   to   know   the  approximate  str-ngth  of  the 
current  developed  hy  his  coil  ,..ith  the  different  positions 
of  the  iron  core  or  brass  slip-tuhe,  and  with  the  di      ant 
positions  of  the  secondary  coil,  if  his  coil  is  of  the  .-.dge 
type.     The   strength   of    the    muscular   contractions    pro- 
duced l.y  the  current  in  normal  mu.sde  will  l;e  a  good  guide 
as  will  the  degree  of  sensory  stimulation  to  the  skin  when  wet 
electrodes  are  a])pi;id  to  it. 

A  good  plan  >vill  ho  for  tlie  medical  man  alwavs  to 
make  a  practice  of  starting  with  a  weak  current,  and  to 
try  the  c^irrent   upon   his  own  hand  first   witli  properly 
wetted    electrodes     before    applying    it    to    his    patient 
As  soon  as  he  perceives  a  definite  sensorv  effect,  and  slight 
contractions  of  the  hand  muscles,  he  mav  begin  to  applv 
the  current   to    his  patient,  strengthening  it  very  gradu- 
ally as  occasion   arises.     Thus  the  dosage  of  the  faradic 
current  is  always  uncertain,  in  the  absence  of  any  accurate 
means  of  measuring  the  current,  but  with  a  little  prac- 
tice a  fair  estimate  of  the  comparative  strengths  of  the 
current    required    in    .liftVrent    conditions   can    be    eas.lv 
made. 

The  irulirafions  f.,,  using  the  primary  or  the  seeondarv 
indu.cd  current,  and  the  different  methods  of  using  the 
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curn.nts.    will    Im-    n-fcrnd    to    in    t|,o   fhapt<T    Hpocially 
(U'votod  to  the  faradic  curn'iit. 

2.  Galvanism.— For     treatment     hy     Kalvanis,,,      a 
la^^e^  and   more   expensive    l>attery,   containing  a   much 
larger    numl)er   of   cells,    is    recjuir  d    than    for    faradism, 
though    its   arrangement   will    he   mi:<h   less   c(,mplicated! 
The   sini})l(st   form   of  constant   currciit    b.'vtt<"rv   is    that 
known    as   a   patient's    hatt^My,  consisting   of   small    dry 
cells,  from  four  to  f.rty  in  number,  arranged  in  series— 
that    is   to  say.    the  positive   pole  of    the    first    attached 
by  a  wire  to  the  negative  pole  of  the  second,  and  so  on 
for  all  the  cells,   the  two  unoccupied  poles— the  negative 
at  one  end  of  the  series  and  the  positive  at  the  other— being 
connected  l)y  wires  to  metallic  plugs  in  the  front  of  the  case 
to  which  the  wires  carrying  the  treatment  electrodes  can 
l)e  attached.     Besides  these  two  plugs,  there  will  also  be 
a  number  of  others  connected  by  wires  to  intermediate 
cells  in  the  series,  as  the  third,  sixth,  ninth,  twelftj)    and 
then  every  altcrnat«^  cell  up  to  the  full  number,  a  llthtse 
plugs  being  arranged  in  a  row  along  the  outside  of  the 
front  of  the  battt'ry,  and  numljered  0,  ;],  (!,  9,  12,  14,  i(\ 
etc.     In  addition,  there   is   figured   the   sign  -  at  the' one' 
••nd    (usually   the   left)   to   mark   the   negative   pole    and 
tW    sign    -f   at   the   other    end    to   mark    positive '  pole 
Uith  this  arrangement  the    l)atterv  can  be  locked     and 
need  never   be   opened   by  the    patient  or   nurse   who  is 
given  the  batt<>ry  to  use,  and  it  is  almost  focl-prcof  •  an 
important  consideration  in  a  galvanic  batterv  which  mav 
1)0  given  into  the  charge  of  persons  totallv  ignorant    o'f 
electrical  matters;    for   if   the   cells   or   their   connectiora 
are  meddled  with,  the  battery  is  verv  easily  put  out  tf 
order,  and  will  be  completely  spoilt  if  the  terminals  at  the 
two  ends  of  the  series  of  cells  be  short-circuited  bv  a  wire 
joining  them,  even  for  a  few  minuti>«.  or  if  the  w--e"  rf 
tlu,'  treatment  electrodes,  when  the  batterv  is  in  u^e"  be 
allowed  to  remain  in  contact.  '  ' 
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ihm,.    p.vani<.    l,.,tt,.nVs    nn-    fi||..,l    witl.    small    drv 
L<'chuuhv c,.lls. siz,.  al.out  4 in.  by  1  -]  i,,.  by  ] ]  in.    Each  cdi 
wh.n  n..w,  has  a  voltaKo  cr  EMF  of  r5,  and  an  intornaj 
n-.s,s  anc.  of  about     :;  olwn.     The  colls  shouhl   bo  oithor 
Holloson      or      Obach  "  as  th.s.  last  bottor  than  most 
'.thers      A  batt<.ry  of  twonty-fc.ur  of  thoso  colls  whon  now 
will,  thoroforo.  mvo  a  current  of  about  3G  volts,  which  will 
be  sunicuM.t  for  most  purposes  of  treatmonv.     Yet  occa- 
sionally a  greater  voltage  will  bo  nec(l..d.  as    in   cases   of 
s.Mut,.a,  when  It   nuay  [>o  rec|uired  to  send  a  current  of 
^0  ma    or  even  more  through  the  limb  from  the  buttock 
to  the  foot.     In  such  a  case  the  rc-sistanco  of  the  patient's 
sk.n  and  tissues  will  probably  be  not  less  than  r,,m)  ohms, 
and  by  using  the  formula  V  =--  jj,  whore  C  --=  the  current 
in  amperes,  K  ^-  the  v„ltage  of  the  batt.-rv.  .nd  R  =  the 
total  resistance   of  the   battery,  electrode.;,  and  patient's 
skin  and  tmues.  it  will  be  seen  that  in  order  to  obtain 
a  current  of  2.,  ma.  it  will  be  necessary  to  use  a  battery  of 
n.^  less  than  forty  new  Leclanche  cells.     As  the  cells  get 
older,  and  the  more  they  are  u.sed,  .so  their  voltage  falls 
and   at   the   same   time    their  internal    resistance   usually 
inen^ses   and  thus  the  efficiency  of  the  battery  diminished. 
It  ^^.ll   thus  be  seen,  from  the  equation   above  given,  of 
what  groat  importance  it  is,  in  order  to  get  the  greatest 
I.OSS.    e   ^..gth   ^ 

.at  th      actor  R  shall  be  kept  as  low  as  possible,  and 
this  will  bo   b..st  done  by  seeing  that  the  patient's  skin 
and  the  electrodes  are   thoroughly  wotted   (best  with  bi- 
rarbonato   of  scda   solution)  and  that   the  electrodes  are 
kept  in  cW.  apposition  to  the  skin.     With  care  in  this 
direction  the  total  resistance  may  sometimes  be  brough 
down    o  LMKX)  ohms  or  even  loss,  and  the  strength  of  cur 
ron    obtainable  through  the  patient's  tissues  is'thus  " - 
portionatoly  higher.     For  the  treatment  of  facial  paraiSs 
where  only  a  small  ..urrent  of  about  3  ma.  is  reqLedM' 
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])ati<'nt\s  rfsistaiK'o  may  Ik*  brought  as  low  as  •_>,()<»•(  ohiits 
f>r  It'ss.  usinp  on«'  elect nidc  applictl  Iwhiiid  tho  oar  and 
tlic  other  stroked  over  the  face,  ar.d  f<  r  this  ])urpo8o  a 
sn  ill  biitterv  of  six,  or  even  four,  cells  will  W  sufficient. 

With  such  batteries  are  usually  suppli«d  wins  and 
electrodes  for  treatment,  consisting  of  a  flat  flannel-covered 
leaden  electrode  and  a  circular  covered  pad  fitted  to  a 
handle.  The  wires  are  fh'xible,  eotton-  or  silk-covere<l, 
about  four  feet  in  lenf,'tli.  and  one  will  have  a  forked  end 
in  ord'i  th  it  the  numb;'r  of  cells  in  us'  may  be  gradually 
inr.MS'd  two  at  a  timn  without  interrupting  the  current. 
This  wire  should  always  !«>  u.scd  on  the  right-hand  side  of 
the  battery. 

There  is  a  considerable  difference  in  the  prices  of  these 
bitt-ries  as  mirk"d  by  different  makers.  Since  the  retail 
])rice  of  the  cells  is  Is.  <'kI.  each,  and  the  battery  connec- 
tions are  sim])I<'  ai.d  inex})ensive,  an  18-cell  battery  should 
not  cost  more  than  £2,  nor  a  40-cell  batterv  more  than  £4. 
These  batteries  are  necessarily  heavy,  a  40-cell  battery 
weighing  .'30  lb.  The  more  finished  galvanic  batteries,  fitted 
with  a  current  collector  and  a  current  reversor,  such  as 
would  be  suitable  for  the  medical  man  himself  to  use  both 
for  diagnosis  and  treatment,  are  necessarily  more  expen- 
sive, a  '52-cell  costing  between  £•')  and  £7,  or  with  a  small 
D'Arsonval  galvanometer  £2   more. 

The  type  of  battery  shown  in  Fig.  .'>  is  more  finished - 
looking  and  more  presentable  than  that  pre\'iously  de- 
s'Tibed.  The  cells  are  hidden  from  view  by  a  polished 
switchboard,  carrying  a  current  collector  consisting  of  an 
ebonite  base  fitted  with  a  number  of  separate  metallic 
knobs  placed  close  together  in  the  form  of  a  ring,  each  of 
which  is  connected  underneath  with  the  carbon  of  one  of 
the  cells,  in  regular  order,  while  another  wire  connects 
the  zinc  of  the  first  cell  to  the  negative  binding  screw.  A 
crmk,  connect'Hl  by  a  wire  to  the  positive  binding  screw, 
and  pivoted  in  tlv  centre  of  the  ring  of  knobs  by  means 
1' 
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.>f  a  Hpnn^  .nntact,  .an  hv  l.n.unht  intc.  ronnocticn  with 
any  one  „f  tl..-  knols.  which  an-  placo,!  daso  tcg-fhor  ho 
that  the  crank  contact  in  passing  from  one  knoh  to  the 
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other  is  in  contact  with  two  knol>s  at  the  same  time  in 
order  to  avoid  int<.rrupting  the  current  wliile  more  cells 
are  thrown  into  action.  Care  should  l,e  taken,  however 
not  to  leave  the  crank  in  connection  with  two  of  the  knobs' 
.or  more  than  a  moment,  as  while  it  is  in  this  nosition  the 
second   cell   is   being  short-circuited.     In   the   circuit  are 
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iiU't  |ila(i'<l  two  other  Itindiii^  scn-ws  f<.r  the  attiuhnu'iit 
nf  a  <.'alviiii()nn"tcr  if  dfsin  d,  or.  if  this  is  not  wanted,  the 
>•  rews  may  l)e  joined  together  hy  a  wire. 

A  tralvanonieter  is  a  valuahh'  addition  t«»  the  liattery. 
The  liest  form  is  that  known  as  D'Arsonval'H.  the  small 
size,  (.'radtiated  to  reml  to  five  niillianiperes.  with  a  shunt 
to  make  it  read  also  to  fifty  milliamperes,  heinj;  ohtain- 
.ilde  for  £■_'.  These  galvanometers  are  dead-lx'at 
that  is  to  say,  the  noedlo  indiratinp  the  current  on 
the  ^.Taduateil  scale  moves  at  once  to  the  point,  without 
osciilatinii  hackwanls  and  forwards  iM-ftre  coming  to 
[est.  as  do  tho.se  galvanometers  in  which  a  jxTmanent 
magnet  is  em{)loyed.  In  the  D'Arsonval  galvanometer  no 
jierinanent  magnet  is  employed  except  to  surr  und  the 
work'ng  parts  and  ])rott'ct  them  from  outside  magnetic  in- 
iluences,  and  they  are  tlierefore  independent  of  the  earth's 
magnetism,  and  can  work  in  any  position,  and  are  unin- 
lluenced  Ity  neighbouring  magnets  or  electric  lighting  cur- 
rents or  dynamos. 

The  ])rinciplc  on  which  they  work  was  rirst  suggested 
liy  j.ord  Kelvin,  to  re])lace  the  permanent  magnet  of  the 
old  ty))e  of  galvanomet<T  by  a  solenoid,  a  long  coil  of  very 
t'me  wire  wound  on  an  aluminium  frame,  and  suspendi  d 
so  that  it  can  move  freely  between  two  {)oints.  The  frame 
is  attached  to  two  liair-springs,  which  always  bring  it  liaik 
to  the  zero  position,  and  a  needle  is  also  fixed  to  the  frame 
as  an  indicator,  which  moves  over  a  graduated  scaU>.  When 
a  current  circulat*  s  in  a  neigldxiuriiu'  coil  of  wire,  another 
curr.'nt  is  induced  in  the  soh>noid.  and  the  latter  is  attract*  d 
or  repelled  according  to  the  polarity  of  t!'"  indiu-ing  cur- 
TiTit.  Tlie  shunt  is  an  arrangement  ])y  which,  I  )y  means 
'if  turning  a  screw,  nine-tenths  of  the  inducing  cunent  can 
lie  short-circuited  away  from  the  inducing  coil,  .so  that  the 
^  ilenoid  is  now  influeri  cd  by  only  one-t«-nth  of  the  current 
which  is  actually  l)eing  used  on  the  patient.  The  same 
galvanometer  scale  may  thus  md  from  1  to  H  ma.,  or  from 
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10  to  5().     Lur^T  galvanomctors  ure  made  with  two  shiintM 
foTU-m  and  hundn-ds,  the  same  scalo  thon  reading  for 
.»,  .A  or  r»(K)  milhamp.  ro8,  arcording  aM  to  whether  no  shunt 
H  being  used,  or  that  for  one-tenth,  or  for  one-hundredth 
{tig.  4). 


Fij,'.  4.-  D-Arsonval  f,'alvaii.,in.'tor,  with  shunt,  ivii.l.iig  to  5.  50, 

cr  ')l)()  III  ;. 

The  ohler  type  of  galvanometer,  in  which  a  permanent 
magnet  was  suspended  upon  a  steel  point,  should  be  entirely 
avoided,  as  they  are  far  more  troublesome  and  very  in- 
accurate owing  to  the  great  friction  at  the  pivot  and  the 
constant  breakages  of  the  needle-point  on  which  thev  are 
su.spended.  Another  type,  the  floating  iralvanomet'er  of 
Schulmeister  is  fairly  accurate  and  requires  no  attention, 
but,  like  all  the  horizontal  galvanometers  using  a  permanent 
magnet,  it  will  work  only  in  the  horizontal  position,  and  is 
not  dead-beat,  requiring  s->veral  seconds  before  the  needle 
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comes  to  ri-st — a  great  nuiHance  in  practical  clectro-thern- 
jx'utics.  The  current  reverwr  fitted  on  the  switchboard  is 
necessary  in  the  diagnosis  of  the  condition  of  wasting 
muscles,  and  is  also  often  of  use  in  treatment. 

The  electrodes  necessary  in  the  equipment  of  the  battery 
are  two  Hat  pad  eloctmdes,  about  0  inches  by  .3  inches, 
and  two  circular  pad  electrodes  al)out  1  inch  and  1^  inch 
in  diameter.  For  treatment  of  facial  paralysis  I  pn'fer  a 
narrow  flexible  electrode,  ^  inch  in  width  by  'J  inches  in 
length.  It  will  l)e  advisable  to  have  three  or  four  spare 
circular  pad  electrodes  which  can  l)e  screwed  on  to  the 
treatment  handle  when  required.  The  form  of  covering 
I  prefer  is  chamois  leather,  as  when  thoroughly  wett<'d 
it  retains  the  moisture  better  than  webbing,  and  slips  more 
easily  over  the  skin.  It  will  be  advisable  to  have  fresh 
cftveriiig  titti'd  on  to  the  electrode  for  each  patient,  and 
this  can  easily  l)e  done  at  home. 

The  wires  to  connect  the  electrodes  with  the  batterj' 
should  be  each  about  5  feet  in  jength.  Those  usually 
sold  for  this  purpose  are  covered  with  cotton  or  silk,  one 
red  and  one  green  in  order  to  distinguish  the  poles,  and 
attached  at  both  ends  to  rigid  metal  pins  for  connection 
to  the  binding  screws  of  the  battery  and  electrodes.  Thise 
I  consider  unsatisfactory  for  several  reasons  :  the  metal 
pins  are  difTicult  to  attach  to  some  binding  screws  which 
are  not  pierced,  or  if  the  hole  is  not  large  enough  to  receive 
the  pin  ;  the  flexible  copper  core  inside  the  cotton  or 
silk  covering,  made  up  of  a  sheaf  of  fine  wires,  is  verj' 
liable  to  break  at  its  junction  with  the  rigid  pin,  so  that 
the  current  is  interrupted  without  any  break  being  ob- 
vious ;  the  wires  are  comparatively  costly  to  renew.  Wires 
covered  with  cotton  alone  do  not  insulate  the  current 
properly,  especially  if  wetted,  and  when  the  wins  touch 
the  uncovered  skin  of  the  patient  considerable  pain  may  be 
caused  at  the  point  of  contact. 

The  best  wire  connections  in  my  experience  are  made  of 
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Such  an  outfit  will  coHt  £2  for  thi>  furadic  battery,  and 
£.f<  I-.S.  for  a  thirty-tw«)  n'll  ^(alvanic  hatt4>ry.  For  tht*  saim* 
total  coHt,  t'xaitly.  a  combined  batUry  could  \n>  lM>ught, 
containing  the  faradic  appar«tU8,  though  of  a  Iciw  efTiciont 
d'Hi^n,  and  thirty-two  cpIIb  for  galvanism,  and  the  gal- 
vanometer, with  curn»nt  collector  and  current  reverser. 
This  combined  battery  will,  however,  Im*  necesaarily  much 
lit'iivier  than  either  of  the  other  two,  and  will  \tv  far  lesw 
ciHivenient  to  usf  for  treatment  at  the  patientV  house,  an 
wheti  faradism  only  is  required,  instead  of  the  small  and 
compact  faradic  batt-'ry  only  l>eing  taken,  the  same  heavy 
combined  batt-ry  has  t:)  be  carried  on  all  (K-casions. 

A  combined  battery,  of  somewhat  l)ett«'r  design,  will  I* 
very  usf  ful  for  consulting-room  work  for  those  practitioners 
who  have  experience  of  batt<'rie«  and  of  the  technicjue  of 
muscle-testing.  In  such  a  combined  battery  the  faradic 
apparatus,  sledg«'  cgil,  interrupter,  and  starting  switch 
are  usually  arranged  on  one  side,  w..li  two  large  dry  cells 
in  a  separate  compartment  underneath  to  drive  the  coil, 
while  in  the  centre  of  the  switchboard  will  be  placed  the 
single  or  double  collector  for  the  galvanic  curr»'nt,  a 
rheostat,  galvanometer,  current  reverser,  De  Watteville 
commutator,  and  two  binding  screws  in  front  for  the 
attachment  of  the  electrode  wires. 

The  De  Wattc\'illc  commutator  is  a  convenient  switch, 
by  means  of  which  either  faradism  from  the  induction  coil 
or  galvanism  from  the  collector  may  be  kd  to  the  same 
pair  of  binding  screws,  avoiding  the  necessity  of  changing 
the  wires.  It  is  usually  arranged  so  that  when  the  com- 
mutator is  directed  to  the  left,  marked  G,  the  galvanic 
current  is  led  to  the  electrcdes,  and  when  turned  to  the 
right,  marked  F,  the  faradic  current  is  obtained. 

When  the  commutator  is  placed  exactly  in  the  midway 
position,  both  currents  are  at  the  same  time  led  to  the 
electrodes.  By  an  arrangement  of  the  wire  connections 
beneath  the  switchboard,  the  secondary  coil  is  then  placed 
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tion  1»y  moans  of  a  suitable  switchlioard  (Fig.   H).     This 
may  be  made  eitluT  ol    polished  wood,  slate,  or  marble, 


Fin.    .). — Switc-hbourd    for    iitilisiufj    tliL'   ilircit  main  cuircnt   fcir 

galvauLsation  uiul  faradisation. 

Tlif  ti;;iiic  .shows,  frmii  l>ehiw  u|nvanls,  Kaiailic  sliilj;e  coil,  lu  Watti\  illc 

ami    gahaiiic  switclic.H,   galvanoinetiT,  volttuettr,   and   llircc   rtsistaiice 

laiii{w. 
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''.  hor  o  the  lHtt<.r  hoin«  proferahlo  to  wood  in  districts 
w  u.e  the  voltage  of  the  electric  «uppiv  is  iro,„  .o^to 
-><  .  rhe  current  is  led  on  to  the  switchboard  from  a 
wall-plu,,    two    i.;-candle-power    l.mps    Win«    antersed 

voTta^      '  '''"^'  ^'"'"^  "-^^^  ^'^h  *^^^  higher 

The  current,  after  passing  through  the  two  lamps,  is 
hd   to  an  ordinary  faradic  apparatus  with    int^rn,^ti«g 
hammer,    primary   coil,    and   secondary   sledge    coi!.    etc 
for  galvamsm,  the  current  from  the  main  is  led  through 
a  r     stance  of  a  lamp  of  8-  or  10-candle-power.  according 

elect"  Tr'  ""^'"'  r^""^'*''  "^^  ^^-"-  *«  ^  -'t' 
p^a  mo  d  wire  wound  t.ghtly  on  a  slate  bed,  the  insulating 
material  being  sand-papered  off  the  surface  of  the  coils 

eacr?th      :r^,^''"^^  ^'  ^'""  ^^^'«  «^'"  --'^^^d  f-- 

not  le  Tli  r  °''  '""*^"^«  «f  ^^«  «-'«  "f  -ire  being 
not  lo      than  5.)0  ohms.     A  spring  contact  sliding  on  a 

metal  bar  can  be  slid  along  over  the  coils,  and  the  wires 
carrymg  the  main  current  are  connected,  one  to  each  nd 
of  the  platinoid  coil  (Fig.  t,). 

Two  other  wires  connect  the   right-hand   end  of  the 

t.  ct  to  the  two  binding  screws  for  the  attachment  of  the 
wires  leading  to  the  patient.     The  patient  is  thus  placed 
Warl:^""^^^"?  '''  apparatusLy ,.  called  a  stmt 
in  the'       >  r    '''''""'•     '^^'  g'^lvanometer  is  inserted 

left  handT  r      """  ^'^  ^"''"^  ^^""^  -^^^-^  -^  the 
h  ft-hand  binding  screw.     While  the  sliding  spring  contact 

|s  a    the  right-hand  end  of  the  platinoid  coi'   the    EMP 

m  the  patient's  circuit  is  only  a  small  fraction  of  aZ 

and  this  IS  gradually  ai.d  steadily  increased,  without  anv 

jumps  or  shocks,  as  the  shdmg  spring  is  pushed  along  the 

bar  Wd    the  left,  the  available  voltage  being  prfpe.- 

tionate  to  the  voltage  of  the  main  supply  and  the  cardie- 
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power  of  the  lamp  usmI  in  the  resistance.  Thus,  with  a 
loo-volt  supply  and  a  l»J-candle-power  lamp,  the  maximum 
voltage  avi:  lable  in  the  patient's  circuit  is  about  Oo.  The 
fjalvanometcr  is  o*  the  D'Arsonval  ty\M^,  and  should  be 
fitted  with  a  shunt  enabling  it  to  read  to  5,  50,  or  5<K)  ma. 


— (-j— )        leading  10        ( — \ 
*^ — y  ratuni  \ ' 


Fig.  C— Diagram  of  shunt  rheostat,  or  volt-selector. 

A  voltmeter  may  also  be  fitted,  if  required,  and  there  are  a 
De  Watteville  commutator  for  faradism  or  galvanism,  and 
a  current-revers^r  for  the  galvanism.  This  apparatus  is 
very  convenient  for  applications  of  faradism  and  muscle- 
testing  in  consulting-room  practice,  or  for  local  applica- 
tions of  galvanism,  as  for  the  treatment  of  wasted  muscles. 
The  same  apparatus  may  Ije  obtained  in  a  portable  box 
form,  with  an  adaptor  plug  and  cord  for  fixing  on  to  a 
lamp  socket,  so  that  the  battery  can  be  used  wherever 
there  is  a  constant  current  main  supply. 

If,  however,  larger  currents  of  15  or  more  ma.  arc  to 
be  used,  as  for  the  treatment  of  sciatica,  for  electrolysis, 
or  for  the  electric  bath,  then  there  is  a  certain  amount 
of  risk  of  inconvenience  or  even  danger  in  thus  using 
the  main  current  from  the  direct  current  supply.  This  is 
due  to  the  liability  to  sudden  interruptions  of  the  current 
or  partial  temporary  failure  of  the  supply,  owing  to  faults 
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o^curring  eitluT  ,^  th.  pow.r  .fati,.„  or  in  th.  underground 
^.iMts.     Such  sudd.n  int..rru,,tions  in  tl...  voltago 
|urn.nt  suj.plio,!  would  causo  quito  unploa.sant  sh,  to 

th.  pa  lont,    a  constant  curn-nt  of  ov.n  lo  xna.  wore  Inking 
appH'd;  wh.l.  ,f  such  currents., .n.  h.-ing  applied  in  tho 
-J^.I>ourhoodoftheheadornecW,or,fr,,^LaM^^^ 
B^sidTTi;  '-'"«  «'V""^  the  results  might  even  he  serious. 
Besdes  these  acculental  causes  of  interruptions  of  the  c-ur- 

nuuhin,  to  another,  or  to  the  switching  on  of  a  hatterv  of 

of    c.  Lr  "      '  T  ^''"""  '"  ""^  ^"^  '""^  administration 
o   constan    currents  of  8-10  ma.  or  more,  or  else  a  battery 

om  Its,      from  the  mam,  through  a  suitable  resistance. 
I'Vc;  pp.  Ill  j|,j(l  v>7().) 

o.    Sinusoidal   current.-By  this,  as  we  have  said 
.meant  an  altcM-nating  current  whose   curve  of  electro-' 

r.  K  T"  ;"    f'  r''""  ^^"'  "'^^'^^^^^  P'--  varies 
P<.f.'cth  constantly  and  smoothly,  in  what  is  known  as  a 

;       .-ct^    >;«'>^"'«    --"«'    in    those    districts    supplied 
an  alternating  current,  is  a  sinusoidal  current,  Ind  it 
may  be  made  use  of  after  passing  it  through  various  trans- 
f..rnu>rs,    to    be    described    presently.     In    those    distrTc  s 
wha-h  are  supphed  by  tho  direct  or  constant  current    o 
where  a  battc-ry  of  accumulators  is  avadablo,  a  sinusc^ida 
-urrcn     may  be  obtained  for  treatnu..t  by  the  use  of  a 
no  or-t.ansfonner     the    motor     being    wo^nd     according 
to  the  xoltage  o    the  continuous  current  supply  available 
such  as  a  12-volt  motor  for  accumulators,  or'lOO-,  2()( -' 
o    240-volt  motor  for  the  direct  electric  lightmg  currents' 

the  T;  ,  t  "^"^''^"^  '^  "  "'^""^^  transformer  to  vary 

tho  strength  of  the  smusoidal  current  gradually,  costs  about 
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£1-,  (Fifj-  ~)-  -^  similar  mat-hino.  for  pnxluciiip  thrcr- 
phiis"  sinusoidiil  currents,  with  three  sledge  transformers, 
costs  £•')  more. 

In  thesft  motor  transformers  the  direct  current  is  led 
into  the  armature  of  a  direct  current  motor,  revolving  in 
the  field  of  an  electro-magnet.  Wires  from  two  opjiosite 
p;)ints  of  the  armature  are  led  on  to  two  collector  rings,  from 


Kig.  7.  -Motor  traiwforiuer,  to  utilise  ilireet  miiiu   current,  produciui^ 

sinusoidal  current. 

Tho  motor  is  nroviil.Ml  with  tliic^  slif  iiii','s,  ami  is  wound  for  pi.Hlucliii; 

tlir.r.i)ti;is.'    siiius.M.lal    ciirrunt.      Onlv    i.m-   sleil>;<-.i.il    traiiHfoniiir   is 

Miowii,  aitathe.!  l>v  wiri-«  to  two  of  th.'  slip  riii';»,  thus  iirovidin^!  a  smulo- 

phasf  sinnsoi.lal  ciirniit  at  tlw  flrctrixies. 

which  a  single-phase  alternating  current  is  taken  off.      If 
Miree-phase  sinusoidal  currents  are  required,  a  third  collector 
ring  must  be  added,  and  the  winding  of  the  armature  must 
l)e  equally  divided  into  three  parts,  one  end  of  each  heing 
conneeted  to  one  of  the  three  slip  rings,  while  the  other 
three  ends  are  joined  together.     Owing  to  the  reversal  of 
the  direction  of  the  current  that  is  induced  in  the  uppT 
and  lower  halves  of  the  armature  hy  the  magnetic  field,  the 
current  that  is  obtained  from  the  two  slip  rings  which  are 
connected  to  the  two  halves  of  the  armature  is  an  alter- 
nating or  sinusoidal  current.      The   voltage   of  this  cur- 
rent will  be  proportionate  to  the  voltage  of  the  current 
that  is  used  to  drive  the  motor,  as  1  \^i.      The    effici- 
ency of  these  small   motors   will   be  about   00  per  cent., 
and  for  a  240-volt  direct  current  a  sinusoidal  current  of 
about  !."> )  volts  will  be  obtained. 

This  current  will  not  be  safe  from  the  risks  of  earth 
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AriothtT  iiuMlitication  tliat  may  !»»'  fittvil  to  thrsc  trans- 
fiiriiuTs  is  the  Lrduo  rcvcrscr.  so  tint  a  raj)i(lly  rcvcrsffl 
L'alvanic  current  is  olitaini'd.  By  nifaiis  of  an  arrangc- 
mtnt  l)v  which  the  collcctinf^  brushes  of  the  Leduc  reverscr 
can  l)e  shift'.'d  in  position,  the  jwriod  of  contact  with  the 
j.'al\anic  current  duriiifi  the  reversals  may  he  either  long 
or  sliort.  This  rapidly  reversed  palvanic  <urrent  by  means 
(if  \\v'  li'.'duc  motor  produces  t<'tanic  muscidar  contractions 
just  as  faradism  or  the  sinusoidal  current  does,  but  with 
the  brushes  nrranfred  for  maximum  contact  the  current 
is  mudi  more  ])ainful  for  the  same  defrree  of  contractions, 
even  when  a  low  voltage  of  f,'alvanism  is  used.  The  ])ain 
niav  ])e  considerably  diminished  if  the  coUectinji  bruslu'S 
are  so  placed  that  the  period  of  contact  during  the  reversals 
is  at  a  minimum.  The  curve  of  the  electromotive  force  of 
this  current  will,  of  course,  somewhat  resem])le  that  of  the 
sinusoidal  current,  but  will  l)o  much  more  jerky. 

When  a  third  slip  ling  is  added  to  the  transformer,  and 
the  winding  of  the  armature  is  equally  divided  into  three 
to  give  a  three-phase  sinusoidal  current,  then  throe  sledge 
coils  must  lie  used  for  the  regulation  of  this  current,  and 
three  wires  and  three  electrodes  are  necessary  for  the 
treatment.  This  is  a  very  useful  and  pleasant  way  of 
applyiiig  the  sinusoidal  current  with  local  bath  treat- 
ment, as  in  Dr.  Schnee's  bath,  to  one  arm  and  both  legs, 
or  other  similar  arrangement.  Thus,  ^\rh  three  electrodes, 
A,  B,  and  C,  there  is  <^  current  from  A  to  B,  another  from 
B  to  C,  and  a  third  from  C  to  A.  With  such  a  transformer 
ami  group  of  three  sledge  coils,  a  single-phase  current 
may  be  employed  at  any  time,  if  preferred,  by  using  any 
two  of  the  three  sledges,  and  the  corresponding  binding 
screws,  wires,  and  electrodes  connected  with  them.  On 
the  whole,  the  three-phase  method  of  application  is  less 
painful  than  the  single-phase, 

The.se  motor  transformers  may  Ik;  combmed  in  the 
s.ime  wall-apparatus,  for  consulting-room  work,  with  that 
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f'T  flip  ;ii.,,|i,;,tion  „f  LMlv;u,isin  aii.l  f..i.;.lisafi..n.  so  that 
with  sti.li  an  apparatus  a  vari.'ty  of  currents  nmv  Im- 
iis'mI  :  fan,<i;.m.  „f  varvintr  sp.'rds  of  int.Tniption  :  7rt/- 
r'i»i.,n.  with  slow  iiit..rnii.tio„s  l.v  hand,  or  with  rapid 
reversals  I.y  the  F.e.liM-  reVf-rs'T  :  a  i>uh(ili,„i  uui,nrMintml 
('T  sinusoidal  constant)  current  ;  and  sinj.de-phase  or 
tliree-phase  siniis-iiiiifif  currents. 

fn  rlistricts  whi.h  are  supplied  I.y  alternating.'  current 
for  electric,  liu'litinj:.  this  main  current  tnav  he  made  use  of 
hy  a  eomparatively  simple  an.l  ch,.ap  apparatus  for  tlie 
apphc.ition  of  sinule-j.hase  sinusoidal  current  for  either 
local  or  hath  treatment.  This  current,  which  is  circulating 
Ml  the  street  mains  at  a  j.re.ssun-  of  l.iHH)  volts  or  more. 
IS  led  into  a  stationary  transformer,  huilt  somewhat  on  the 
principle  of  a  faradic  .oil.  as  .soon  as  it  enters  anv  huildin^. 
This  transformer  is  always  situated  in  a  cellar,"  or  similar 
J)osition.  and  is  usually  emlo.sed  in  a  stnmji  wire  ca^^N 
s>  that  it  shall  never  he  int(  rfercd  with  I.y  unauthori.'^cd 
I»ers..ns.  as  the  current  riinnin<r  in  the  wires  which  lead  into 
the  street,  heinj;  at  a  pressun-  of  l.Odo  volts  or  more,  is 
hi<;hly  danj^erous  to  life.  In  this  transformer  the  voltajre 
IS  reduced  to  l'(K»  or  l(Mi.  and  aft.-r  j.assint:  tlmmjih  fuses 
and  the  meter,  is  led  thn.njrlu.ut  the  huildinj.'.  Thus,  in 
the  consultinjr-room  the  alternatinj,'  current  is  available 
from  a  wall-|)lu«;  or  lam})-socket.  and  the  only  apparatus 
necessarv  for  its  use  in  a})plicatifm  to  patients  for  local 
tr.'atment  is  a  sledj:e-transf(.rmer.  costing  £-2,  or  a  volt- 
rejrulator  the  latter,  with  fuse,  lamp  for  si^'ual  and  safety 
resistance,  and  numnted  on  slate,  costin-,'  £1. 

For  hath  treatment  a  similarai)paratus  is  nece.ssarv.  with 
the  addition  of  a  stationary  eoil-transf(.rmer.  costinji  five 
puin.-as  (Fijr.  f<).  This  ec.il-transformer,  as  has  alreadv 
he<'n  explained,  is  viUhd  in  (.nh-r  entirely  to  i.^^olate 
the  current  us-d  for  treatment  from  the  current  in  the 
niaui.  so  that  theiv  shall  he  no  danjzer  from  accidental  earth 
contact  throuL'h  <ras  or  water  pipes,  or  electric  switches. 
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Magneto-therapy.     Tlioiij-'h  aiisolutrly   no   phynid- 

Iniriciil  ciTccts  art-  pruduciil  hy  the  a<ti(Hi  of  tho  .stroiim'st 
.].•(  tro-iiiajiiK'ts  rxrifrd  Ity  the  (lircct  current,  yet,  if  power- 
ful altcrnatin}.'  current  mapnetd  are  used,  definite  results 
.ire    obtainetl.     When     the    patient    aj)prouche3    such    a 


Fijr.  H.— Tniusformcr  for  altemating  current,  with   volt -selector, 
f(ir  kith  treatment. 

magnet,  alternating  currents  are  induced  in  his  body, 
and  owing  to  the  stimulation  of  the  retinsc  flashes  of  light 
are  seen,  a  sensation  of  warmth  is  felt,  and  it  is  said  that 
headache  and  other  neuralgic  pains  may  be  diminished. 
Such  treatment  is  said  to  have  a  great  sedative  effect 
and  to  proniote  sleep.  Such  magnets  require  to  be  worked 
by  heavy  currents  up  to  40  amperes,  and  cost  about 
10  guineas. 
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4.  Static  electricity.  For  tn-utincnt  liy  static  oltT- 
tricity,  the  Witiwhurst  type  of  machine  i.s  iuuv<TrtalIy 
<'mj)loy<'d  in  tliis  nyuntry.  The  ilctuils  of  it.s  niccluini.sin 
ncid  not  lu'  ^onc  into  here  ;  sufT'u  c  it  to  siiy,  that  hir>?e 
machines  are  necessary  to  produce  satisfactory  resulta, 
not  less  than  ei^ht  jihiss  phites  of  ."JO  inches  diameter 
being  advisable,  while  .'j<i-incli  phites  are  preferahh\  The 
voltage  of  the  current  obtained  depends  on  the  diameter 
of  the  plates  and  on  their  speed  of  rotition,  while  the  volume 
of  the  current,  or  number  of  milliamperes.  depends  on  the 
diameter  of  the  plates  and  on  their  numln-r. 

Virious  forms  of  Wimshurst  machines  are  made  !>y 
different  makers,  those  by  Gaiffe  and  other  Paris 
makers  usually  having  ebonite  instead  of  glass  plates. 
These  French  machines  are  generally  built  without  a  glass 
case  ;  l)ut  in  this  country,  at  any  rat<«,  an  air-tight  glass 
case  is  absolutely  necessary,  the  air  inside  being  kept 
dry  by  a  dish  of  calcium  chloride.  The  advantage  of 
using  ebonite  instead  of  glass  is  that  they  may  safely  be 
run  at  a  high  rate  of  speed  without  risk  of  fracture  of  the 
plates  ;  while  glass  plates,  especially  of  large  diameter,  may 
break  at  a  high  speed,  owing  to  the  great  centrifugal  force 
developed  at  the  periphery  of  the  plate.  EI)onite,  how- 
ever, ia  liable  to  buckle  and  to  deteriorate  in  course  of 
time,  its  insulation  suffering,  and  therefore  the  output 
of  the  machine  diminishing.  A  good  static  machine,  with 
eight  glass  plates  of  .'>•>  inches  diameter,  will  cost  40  guineas 
(Fig.  !>)•  I»  addition  to  this,  the  case  will  cost  from 
£10  to  £1.") ;  the  set  of  electrodes,  including  jointed  handle, 
head  breeze,  with  connecting  and  earth  chains,  another 
£5  or  £C.  A  strongly-made  polished  platform  to  carry 
the  patient's  chair,  mounted  on  varnished  glass  legs  at  least 
12  inches  long,  is  also  necessary,  and  is  often  included 
in  the  price  nf  the  m.ichine. 

The  machine  is  best  driven  by  a  DC  electric  motor  of 
J-horse-power,  costing  from    £8   to  £10,  but   the    pulleys 
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iniiv  k'  geared  t(»  a  pair  cf  ]M'<lal.s  workinl  hiry.lf  fashion. 
Th»;  total  cost  o(  siuh  a  inachiiif,  mountrd  on  hall 
iM-ariiifis,  with  th«^  nccx-ssary  apparatiw,  will  thus  work 
out  at   not  loss  than  £7."),    a.s  a  rule,  whih'  for    IJ-platc 


!.',•„    0  — Eiuht  KlaM-plute  Wimshurst  static  machine  in  case. 
"■     ■         *  (Messrs.  Wat»on.) 

mathint's  the   cost  is  proportionaU'ly   larger,   a   ^-horsc- 
pDWiT  mott)r  being  usually  required  to  drive  them. 

A  well-made  large  static  machine,  such  as  that  de- 
scribed, will  also  be  available  for  X-ray  work,  a  very 
steady  light  being  produced  on  the  screen,  though  the 
output  is  not  so  great  as  that  from  a  good  coil,  and  longer 
time  will  be  necessary  for  exposure  for  photographs.  The 
static  machine  may  also  be  used,  with  the  addition  of 
Leyden  jars,  spark  gap,  and  copper  solenoid,  to  pro<luce 
high  frequency  currents.  Such  a  transformer  as  D' Arson- 
val's  costs  about  £5  Kis.  (Fig.  10). 

The  machine  is  used  by  one  pole,  usually  the  positive, 
being  connected  to  the  patient,  who  is  seated  upon  an 
insulated  platform,  while  the  other  pole  is  connected  to 
earth  by  a  light  chain  attached  to  a  water  or  gas  pipe. 
The  electrodes,  also  attached  by  a  light  chain  to  earth. 
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ran  tlion  Im-  hitixllt'd  l»y  tin*  oj>«'rHtor  without  risk  «if  slutcks. 
Tho  platform  should  he  stoutly  built,  iilxtut  42  inclicH  by 
'J7  inches  in  sizi',  sujtjjortrd  liy  stout,  wt-ll-vurnishcd  jjlass 
legs    12   inches   high.     The   edge   <4  the   pint  form   shoidd 
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Fij;.   10. — D'Arsouvttl's   traiisfornuT,    bIiowiiik  Leydcn  jars,   spark  gap 
aud  primary  8oleiiui(l. 

be  surrounded  by  a  raised  wooden  l)oading  to  prevent  a 
chair  slipping  off,  while  no  metal  points  or  sharp  wooden 
edges  must  be  permitted,  all  the  surfaces  being  carefully 
smoothed  and  rounded,  in  order  to  minimise  the  loss  of 
the  electrical  charge  through  leakage  through  the  air. 
On  the  floor  of  the  platfuriii  is  fixed  a  brass  plate  about 
12  inches  square,  for  attachment  of  the  chain  to  one  pole 
of  the  machine.     This  chain  is  attached  to  one  end  of  an 
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..,„„,t..  bar,  !•>  inchoH  Ion,,  en.l.ng  m  two  ..russ  knol.. 
pla.....l  iK-twoon  the  poloH  of  th.  mucb.m..  tho  knoh  -t  h« 
:,th,.r  ond  Wins  connocU-d  hy  a  chain  t..  .«rth  T..'  U 
is  n-vorsible.  so  that  .ither  knob  can  U'  aj.plu.l  to  .  ith.  r 
pol.  of  the  machine  by  -imply  turning  the  bar  through  one 
i„lf.,.inh..  HV  this  device  the  pole  of  the  machine  to 
whi.h  the  pati'ent  in  attached  tan  U;  reverned  at  wil  . 

The  ..lectrmleH  are  devised  (..r  tho  application  erther  o 
sparkH  or  of  the  static  electric  bree".s  and  at  least  five  w.l 
\l  f.,und  useful :  a  brass  ball  and  a  brass  roller  electrode  or 
,h,.  application  of  sparks;  and  a  single- point  and  a  multiple- 
,>oi„t  electrode  for  .he  application  of  the  bree«..     Another 
Inultiple-point  electrode  is  in  the  form  of  a  metal  cap  attached 
t.,  a  swinging  )>ar  from  the  top  of  the  case  of  the  machine,  so 
that  the  cap  can  Ik.  brouglit  into  position  over  the  patient  s 
h...^,l      The  first  four  electrodes  are  held  in  the  oprator  s 
hand,  a  jointed  handle  being  also  attached  to  them  so  that 
both  hands  may  be  used  for  their  support. 

It  is  important  to  be  able  to  test  the  polarity  of  the 
machine,  as  either  knob  of  the  machine  may  become 
positive  or  negative,  although,  once  the  machine  is  m 
action,  there  is  little  chance  of  the  polarity  beconung  re- 

versed  {see  p.  357).  . 

In  the  old  type  of  small  static  macl.ines,  I^-yd.'u  jars 
used  to  be  attached  to  the  terminals  of  the  machines  in 
order  to  reinforce  the  strength  of  the  sparks;  but  these 
are  never  used  with  the  modern  high-power  machines, 
except  for  the  application  of  the  static  imluced  current, 
bv  Morton's  method,  or  when,  by  the  use  of  D  Arsonval  s 
tr'ansformer,  the  static  machine  is  to  l>e  used  as  a  source 
of  high  frequency  currents. 

5  High  frequency  currents.— These  currents  arc 
produced  by  using  the  oscillatory  discharge  of  a  Leyden 
jar  When  the  jar  is  discharged,  what  appears  to  the  eye 
is  one  single  spark  or  explosion,  but  in  reality  there  is 
produced  an  extremely   rapid  oscillatory  discharge,   the 
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periodicity  of  which  may  reach  many  millions  in  a  second. 
Two  lar^i'  Leydcn  jars  are  used,  or  a  battery  of  condensers 
arranged  as  plates,  the  inner  coatings  of  which  are  charged 
from  the  terminals  of  a  large  induction  coil,  while  the  outer 
coatings  are  connected  together  by  a  helix  or  solenoid  of 
about  twenty  turns  of  thick  wire.  This  solenoid  is  best 
made  of  copper  tubing  of  some  \  inch  in  diameter,  as, 
owing  to  the  enormously  high  potential  and  the  rapid 
oscillations  of  the  currents  that  are  induced  in  the  solenoid, 
these  currents  are  conveyed  almost  entirely  along  the  sur- 
face of  the  conducting  wire,  and  scarcely  at  all  in  the  centre 
of  the  wire.     This  is  known  as  the  "  skin  effect." 

When  ♦he  jars  are  being  charged  from  the  induction 
coil,  they  discharge  across  the  spark  gap  between  the  two 
terminal  k"ob8  in  a  stream  of  brilliant  crackling  sparks, 
while  at  the  same  time  extremely  rapid  oscillatory  currents 
at  a  potential  of  10(),(XX)  volts  or  more  are  set  up  in  the 
copper  solenoid  connecting  the  outer  coatings  of  the  jars. 
Although  the  outer  coatings  of  the  jars  are  thus  short- 
circuit<>d  by  means  of  the  copj)er  solenoid,  yet,  owing 
to  the  copper  wire,  or  tubing,  being  wound  in  the  form  of 
a  helix,  the  current  circulating  in  one  coil  induces  a  cur- 
rent in  the  neighbouring  coil,  thus,  through  the  electro- 
magnetic effect  produced,  enormously  increasing  the  re- 
sistance of  the  solenoid  to  the  passage  of  the  current. 
The  solenoid  may,  indeed,  be  compared  with  the  primary 
coil  of  a  faradic  battery,  and  a  derived  circuit,  formed  by 
attaching  wires  to  the  two  ends  of  the  solenoid,  will  afford 
oscillatory  currCi^s  just  as  the  derived  circuit  from  the 
primary  faradic  coil  affords  the  primary  faradic  current. 
These  oscillatory  currents  are  known  as  "  high  frequency  " 
currents.  Another  secondar}'  coil  may  be  wound  around 
this  primary  s<)k.ioid,  so  producing  induced  oscillatory 
currents  of  even  higher  voltage.  In  Tesla's  transformer 
the  primary  consists  of  four  turns  of  wire  wound  on  a 
wooden    frame   of   about    12    inches   diameter,   while   the 
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socondar/  is  placed  inside  the  primary,  and  consists  of  a 
on,  coil  of  insulated  wire  wound  on  an  ebomte  cyhnder. 
Suci  an  instrument  costs  about  £7,  the  D'Arsonval  trans- 
former with  theLeyden  jai.  and  adjustable  spark  gap 

costine  another  £5  lOs.  .  i        „ 

Instead  of  a  Tesla  transformer,  an  instrument  known 
as  a  resonator  may  l)e  employed  to  raise  the  potential  o 
the  high    frequency  currents.     That  usually  employed  is 
Oudin's,  conslting  of  a  solenoid  of  medium.ized  copper 
wire  wound  round  a  vertical  wooden  cylinder  of  about 
8  inches  diameter.     This  may  be  in  series  with  the  copper 
solenoid  of  the  D'Arsonval  transformer   or  it  -ay^jn- 
nected  directly  to  the  Leyden  jars,  a  sliding  contact  vary 
i.;  the  num  Jr  of  turns  of  wire  in  the  circuit  until  a  live^ 
brush  discharge   appears  at  the   upper  ^^^-^^-fjj"^^ 
resonator,  while  the  cord  leading  to  the  treatment  electrode 
attach  d  to  a  second  sliding  contact  on  the  resonator, 
or  tl  the  upper  terminal.     A  compact  form  of  apparatus 
including  twTlarge  Leyden  jars,  adjustable  spark  gap,  and 
Oudin  resonator,  mounted  on  a  movable  table,  costs  about 

'''oSr  'apparatus  necessary  are  a  couch  for  treatment 
by   the    "condensation"    method,    and   variously-shaped 
vacuum  electrodes  and  single-  and  multiple-point  metal 
electrodes.     The  couch  is  an  ordinary  bentwood  couch  with 
u^Lns  -2  inches  or  3  inches  thick,  on  wluch  the  pa W 
lies ;    behind  the  cushions  is   a   large    flat    metal   plate 
whi  h  is  attached  to  one  terminal  of  t^^-^^^f '  *^!  ^^^^^^^ 
terminal  being  connected  to  a  bare  metal  elec  rode  held  in 
he  patient's'hand,  or  applied  by  means  of  a  vac.mm 
or  metal  point  electrode.     These   high   frequency   trans 
formers,   as  described,   are  best  driven  by  a  10-mch  or 
iTTnch  induction  coil,  which  may  be  worked  either  from  the 
continuous  current  main  through  a  mercury  ]et  interruptor. 
or  bv  a  batterv  of  accumulators  and  a  Beclere  coal-gas  mer- 
cury break  (p.  322).     The  coil  and  its  condenser  and  th. 
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interruptor  must  be  designed  according  to  the  voltage  of  the 
constant  current  supply  that  is  to  work  it.    The  same  coil  that 


Fig.    H.— High    fre<iueii.y  appiiratus.   combining    D'Arsonval's  trans- 
t'ornu-r  and  Oudin's  resonator. 

the  practitionor  uses  for  X-ray  work  will  also  \v  available  for 
producing    high    frequency    currents    bv    means    of     the 
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D'Arsonval  transformer.    In  the  treatment  of  patients  by 
high  frequency  currents  a  galvanometer  is  advasable^^ch 
is  built  on  the  hot-wire  principle,  measuring  up  to  800  ma. 
Other  apparatus  which  is  sometimes  used  is  a  couch 
for  treatment  by  the  method  of  auto-conduction,  m  which 
the  patient  is  enclosed  entirely  within  the  primary  solenoid, 
^urr'nts  are  then  induced  in  the  patient's  bod>.is  they  are 
in  the  secondary  of  a  Tesia  transformer,  and  a  C.eissU  r 
tubl  held  in  the%ent's  hands  will  glow  brightly,  although 
he  can  feel  no  direct  effects  of  the  current.    Such  an  insta  - 
lation  for  the  production  of  high  [-^"7^  --"^l.:  ^ 
cost  from  £70  to  £80,  including  the  cost  of  the  1-mch 
induction  coil,  which  may  also  be  used  for  X-ray  work 

Ab    already   stated,   high   frequency  currents  may  be 
obtained  by  using  a  D'Arsonval  transformer  with  a  large 
T^rLL.,  'which  again  will  also  be   available   for 
tZ  work,  though  it  is  to  be  remembered    1-t  t^;  ^^^ 
put  of  even  a  large  static  machine,  either  for  X-ray  wo  k 
or  for  the  production  of  high  frequency  currents   is  much 
ess  than  that  of  a  properly  construc^d  12-inch  induc^on 
coil     In  electric  lighting  circuits  where  the  alternating 
cur;ent  from  the  main  is  available,  this  source  may  be 
used  for  the  production  of  high  frequency  currents    b> 
means  of  a  st^p-up  transformer,  by  which  «^e  voltage  >s 
raised  to  about  6.000  and  then,  by  means  o   a  spark  gap, 
Levden  jars,  and  solenoid,  high  voltage  high  f-q^^^^^^^ 
rents  may  be  obtained.     Such  an  apparatus  costs  about 
£)5    but  the   terminals  of  the  step-up  transformer  are 
d'angerous  to  life.    A  very  powerful  niachine  for  utilising 
the  main  alternating  current  is  made  by  Mes.srs.  Gaifle,  of 
Paris  {see  pp.  327-28),  but  it  is  very  costly. 
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CHAPTER   II 

THE    FARADIC    CURRENT 

The  primary  current.— The  term  "faradisation"  was 
invented  by  Duchenne  for  his  treatment  by  the  induced 
current  obtained  from  a  small  induction  coil,  after  its 
discoverer,  Faraday,  Such  an  induction  coil  consists  of 
a  coil  of  insulated  wire  wound  on  a  reel  containing  a  soft 
iron  core,  with  a  spring  interruptor  inserted  in  the  circuit 
between  the  cells  of  the  battery  and  the  coil,  to  break 
the  battery  current  rapidly  and  regularly.  The  coil  re- 
quires a  current  of  about  ."300  ma.  to  work  it  satisfactorily, 
anJ  is  usually  driven  by  two,  or  sometimes  three,  Leclanche 
cells  of  large  size,  which  may  be  either  wet  or  dry  cells. 
The  current  from  the  cells,  being  rapidly  interrupted  by 
the  mechanical  spring  contact,  and  circulating  in  the  coil 
around  the  soft  iron  core,  rapidly  magnetises  and  de- 
magnetises the  latter,  thus  setting  up  a  rapidly  varying 
electro-magnetic  effect  in  the  field  surroimding  the  iron 
core.  Comparatively  speaking,  the  magnetisation  of  the 
core  is  developed  slowly,  whilst  its  demagnetisation  at 
the  break  of  the  battery  current  is  sudden,  and  therefore 
the  current  that  is  induced  in  the  coil  of  wire  around  the 
magnetic  core  is  produced  practically  only  at  the  break,  and 
is  therefore  a  unidirectional  current  which  flows  in  the 
same  direction  along  the  wire  as  the  battery  current. 

Another  reason  for  the  negligible  quantity  of  the  in- 
duced current  developed  at  "  make  "  is  that  it  is  deve- 
loped in  the  contrary  direction  to  the  battery  current,  and 
is  thus  resisted.      The  unidirectional  induced  current  at 
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break  i.  wh.t  i,  known  a«  the  P'i^'y  '""f  J™"^;- 
and    reinforcing  the  battery  curK^nt,  produ«..  the  Bpark 
"the  contaet'breaker.     By  mean,  of  a  ^enved  e.rcu 
formed  by  joining  two  wires  to  the  two  ends  of  the  co.  , 

rinduc'ed'  eurre'nt  can  be  made  -'•«";  "'.^rtX.y 
It  is  of  a  very  much  higher  voltage  than  the  batters 
cnrrent  which  is  responsible  for  it.  P'«duct.on   and  prfy 
owing  to  this  reason,  and  partly  to  the  h.gh  selfmduction 
oHhe  neighbouring  turns  of  the  ooU    th,,  current  w^U 
ftow  throuBh  the  derived  circuit  and  through  the  hgh 
^Lnce  of  the  patient's  skin  and  «--■  «  *°"^,;^,: 
alternative  closed  circuit  of  the  co.l  and  cells  .»  availab  e 
tTt.    The  battery  current,  at  the  low  pressure  of  about 
3  volts   is  altogether  confined  to  the  closed  ctcmt  of  the 
Jmar;  coil  ..nd  cells,  none  of  it  making  its  way  thn>ugh 
Setohigh"  resistances  of  the  derived  c.rcmt  and  the 

'"'"^ie'.^^nd^ycurrent.-^.arwehav.spokenonlyof 
the  primary  c„il,"nd  the  primary  faradic  cur^nt^  wkch 
not  the  form  of  faradism  that  is  most  used  in  medical 
Itnt.     m  most  induction  coils  there  is  aUo  a  .c^id 
•  *•  „  ^*  a  mnoh  lareer  number  of  turns  oi  nner 
:i;^  ToS    :?r:ror"^hbin.  and  placed  over  the 
Z:ZZl    It  may  be  either  fixed  in  this  position,  or,  a, 
fnThe  better  class  of  coils,  made  to  slide  on  and  oB    he 
prilary  coil,  the  varying  distances  of  the  «-d;^ -^ 
from  the  primary  being  shown  on  a  measured  scale    These 
are  known  as  sledge  coils.    The  rapid  rise  and  fall  of  the 
m^gn^tic  action  exerted   around  it  by  the   pnn|a^«»' 
Ta^s  the  appearance  of  induced  currents,  of  l»gh  poten- 
tiTboth  at'Ike  and  break  in  the  -onda^coiUha^. 
breik  giving  verv  much  the  stronger  shock     This  cur 
rent  at  b^ak  in' the  secondary  coil  is  of  higher  voltage 
Tan  tlat  at  make,  owing  to  the  fall  of  -g"'""."'^"" 
wLg  more  sadden  than  it,  rise.     As  previously  said   this 
slower  rise  of  the  magnetic  action  of  the  primary  coil  » 
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due  to  the  comparatively  slow  magnetisation  of  the  iron 
core  owing  to  the  battery  current  at  make  being  resisted 
by  an  induced  current  in  the  opposite  direction  in  the 
primary  coil. 

The  "secondary"  faradic  current,  or  the  induced 
current  at  make  and  break  in  the  secondary  coil,  is  thus 
really  an  alternating  current,  but  of  unequal  waves,  and 
practically  for  purposes  of  muscular  or  cutaneous  stimula- 
tion it  is  the  current  at  break  which  produces  all  the  effects. 
Strictly  speaking,  the  amounts  of  current  at  make  and  break 
in  the  secondary  coil  are  equal,  as  judged  by  their  chemical 
effects  or  their  action  upon  a  galvanometer ;  but,  owing 
to  its  lower  voltage,  the  induced  current  at  make  has 
much  less  appreciable  physiological  effect.  As  we  shall 
see  later,  it  is  this  lower  voltage  current  at  make  which  is 
the  chief  cause  of  the  hardening  of  the  X-ray  tubes  when 
driven  from  a  large  induction  coil,  it  being  then  known 
as  the  "  closing  "  current. 

When  the  iron  core  is  withdrawn  from  the  primary  coil 
it  will  act  as  a  solenoid  only,  and  the  strength  of  the 
primary  induced  current  will  be  much  diminished,  while  its 
electro-magnetic  action  on  the  surrounding  helix  of  the 
secondary  coil  will  fall  to  a  corresponding  degree,  so  that 
the  induced  secondary  currents  both  at  make  and  break 
will  b<;  much  weaker  than  when  the  iron  core  is  inserted 
in  the  primary  coil.  The  iron  core  has  little  or  no  direct 
magnetic  action  upon  the  secondary  coil,  as  practically 
all  the  lines  of  magnetic  force  from  it  are  cut  by  the  wires 
of  the  primary  coil. 

The  two  currents  compared.— The  induced  current 
is  more  rapidly  developed  and  is  of  shorter  duration  when 
the  iron  core  is  withdrawn,  and  it  has  much  less  painful 
effect  upon  cutaneous  nerves  for  that  reason.  The  larger 
the  number  of  turns  of  wire  in  the  secondary  coil,  the  less 
quickly  are  the  waves  developed  and  the  longer  their  dura- 
tion, so  that  a  coil  with  a  large  number  of  turns  produces 
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number  of  turns,     tonveretiy,  J.        ..     -^^  ^^  ^^t 

5,0n0  turns  of  a  Bner  wire  m  the  »«''°»<''"y;         .    „y,t 
It  U  sometime,  useful  to  have  two  ,eeonaaryco,b,whieh 

can  be  interchanged,  or  else  a  long  co.l  ;'J«f^ '/^"i, 

which  can  be  tapped  at  d,fierent  leng*s.  JbuB.  r»^ 

„,  ,0,«)0  turns    wh,ch  «  ♦^'PP^  ^'^^  J^d  ^metallic 

::urrra:v:::ri:^"oTtheco,iean,.t«d 

"  alrewtth  of  the  .econdary  current.-The  regula 

pnmary,  and  ^^^  f^^f  Jj,^„  ,,,,  ,itWn  the  primary. 
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able  for  measuring  faradic  currents,  but  none  convenient 
enough  for  general  use.  Meanwhile,  by  exjM'rience  of  the 
particular  battery  in  use,  one  gets  to  know  roughly  the 
projK'r  position  of  the  sledge  coil  or  of  the  brass  tulw, 
according  to  the  type  of  battery,  that  is  required  to  pro- 
duce the  necessary  physiological  effect. 

Another  convenient  way  of  guessing  approximat«'ly  at 
the  strength  of  the  faradic  current  produced  by  the  coil  in 
any  given  position  is  to  test  its  effect  with  proptTJy  wetted 
electrodes  upon  the  skin  of  one's  own  hand.  In-fore  apply- 
ing the  current  to  the  patient,  and  again  to  test  the  degree 
of  muscular  contractii  a  of  the  muscles  of  the  thenar 
eminence  by  applying  one  electrode  to  the  ball  of  the 
thumb,  the  other  being  held  in  the  closed  palm  of  the  other 
hand.  Indeed,  it  is  a  good  rule  always  thus  to  test  the 
strength  of  the  current  before  applying  it  to  the  patient, 
and  if  this  rule  is  insisted  on,  we  shall  avoid  giving  the 
patient  an  occasional  dose  of  maximum  current  for  which 
neither  he  nor  we  were  prepared.  The  way  in  which  this 
accident  usually  occurs  is  by  the  small  switch  which 
is  provided  with  the  l)etter  medical  coils  for  changing 
from  the  secondary  to  the  primary  current,  getting  out  of 
place.  This  switch  is  moved  from  one  knob,  marked 
P,  usually  placed  to  the  left,  to  another  knob,  marked  S, 
close  beside  it  on  the  right,  and  it  is  very  easy  for  the  switch 
to  be  moved  over  to  P  from  S  without  the  operator  being 
aware  of  it,  'i'.her  by  an  accidental  touch,  or  by  someone 
else  having  touched  the  battery,  perhaps  for  cleaning  or 
dusting  purposes.  It  should,  therefore,  be  made  a  rule 
always  to  look  at  the  position  of  this  switch  before  com- 
mencing treatment  with  faradism,  because  if  the  switch 
is  turned  towards  P,  and  the  iron  core  is  p\ished  home, 
the  maximum  strength  of  the  primary  current  will  be 
administered,  whatever  is  the  position  of  the  secondary 
coil. 

It  should  be  remembered  that  in  the  regulation  of  the 
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strength  of  the  primary  faradic  current  the  position  of 
the  secondary  coil  has  no  effect  upon  it,  the  primary  cur- 
rent being  varied  in  stn>ngth  by  pulling  out  the  moval)le 
iron  core.  In  those  batteries  where  the  iron  core  is  hxed 
and  acta  as  the  magnet  for  the  hammer  of  the  interruptor. 
the  primary  current  is  weakened  by  pushing  in  the  brass 
tube  which  slips  over  the  fixed  iron  core. 

Choice  between  primary  and  secondary  currents. 
-Since  Duchenne's  time,  fifty  years  ago,  various  indica- 
tions have  been  laid  down  to  govern  the  choice  In^tween 
the  use  of  the  primary  and  the  secondary  faradic  currents 
in  treatment.    It  has  Imen  commonly  said  that  the  primary 
current  should  be  used  for  the  stimulation  of  deep-lying 
organs,    as    the    stomach,    bladder,    rectum,    and    intes- 
tines   while  the  secondary  current  has  more  effect  upon 
the  limb  muscles  and  in  stimulating  the  cutaneous  sensory 
nerves.    For  use  in  an  electric  bath  the  primary  current 
should  be  chosen.     Personally,  I  invariably  use  the  sgcpnd- 
ary  pni^nt  for  all  purposes  of  cutaneous  and  muscle  stimu- 
lation, whether  of  the  skeletal  muscles  or  of  the  viscera. 
I  have  found,  by  experiment  on  cats,  that  the  secondary 
faradic  current  acts  excellently  in  stimulating  the  motor 
nerves  to  the  bladder  and  rectum,  the  animals  being  under 
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nerves  to  the  bladder  and  rectum,  the  animals  being  under       ,^^ 
ansesthesia  by  chloroform,  and  also  that  the  muscular  walls   ^  ^^ 
of  the  stomach,   bladder,   and   rectum  contract  well  in 
tetanus  when  the  electrodes  are  applied  directly  to  them. 

The  faradic  current  as  a  means  of  diagnosis. 

—The  use  of  the  faradic  current  in  the  diagnosis  of  neuro- 
muscular conditions  is  invaluable.  When  both  nerve  and 
muscle  are  healthy,  with  a  rapidly  vibrating  mt^^rruptor 
and  a  sufficientlv  powerful  current,  if  the  electrodes, 
properly  moistened,  are  applied  to  the  skin  over  a  motor 
nerve  such  as  the  facial  nerve  behind  the  ear,  all  the  muscles 
supplied  by  the  nerve  are  thrown  into  active  tetanic  con- 
traction The  contraction  is  developed  sharply  and 
suddenly,  and  ceases  as  suddenly  on  the  stoppage  of  the 
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current.     The  reaction  <tf  the  nerve  t«  furudism  is  then 
said  to  l)e  normal.     If  a  muscle  be  wasted  from  long  d 
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of  a  neighbouring  joint,  or  in  a  case  of  myopathy  or  pro- 
gressive mus(!ular  atrophy,  then  the  briskness  of  the  faradic 
reaction  is  diminished,  and  the  contraction  is  less  in  quan- 
tity, and  is  both  developed  more  slowly  and  relaxes  less 
quickly.  When  there  is  a  lesion  of  a  nerve,  as  in  a  facial 
neuritis  or  Bell's  palsy,  th'»  nerve  soon  loses  ita  e.xcitability 
to  faradism,  and  if  the  lesion  be  a  severe  one,  the  muscles 
will  no  longer  contract  at  all  when  faradism  is  applied 
over  the  nerve.  This  is  the  reu'  ion  of  degeneration  in 
the  nerve,  its  excitability  being  lost  at  the  same  time 
both  to  faradism  and  to  galvanism.  The  condition  takes 
a  few  days  to  develop,  and  is  often  preceded  by  a  wave 
of  hyperexcitability  passing  down  the  nerve  from  the  site 
of  the  lesion  towards  the  periphery.  Thus,  one  or  two 
days  aft<?r  the  development  of  a  facial  palsy,  it  is  some- 
times possible  to  demonstrate  this  hj'perexcitability  of  the 
nerve  by  applying  the  electrode  in  front  of  the  ear  over 
the  parotid,  when  the  reactions  of  the  facial  muscles  to 
the  faradic  current  will  be  brisker,  and  develop  1  with 
a  weaker  current,  on  the  side  of  the  lesion  than  on  the 
sound  side. 

Although  the  secondary  faradic  current  is  an  alternat- 
ing current,  yet  the  waves  are  unequal,  that  developed  at 
break  being  far  the  stronger,  and  it  is  therefore  possible  to 
speak  of  a  kathode  and  anode  for  the  faradic  current  as  in  the 
case  of  galvanism.  As  in  the  latter  form  of  current,  the  con- 
traction is  produced  more  strongly  at  the  kathode.  When 
there  is  a  severe  nerve-lesion,  no  reactions  will  be  obtained 
to  faradism  if  the  electrodes  are  applied  to  the  skin 
over  the  muscles  in  the  ordinary  way  after  the  lapse  of  a 
week  to  ten  days  from  the  time  of  the  nerve  injury.  If, 
however,  in  these  cases  needles  thrust  into  the  muscles  be 
Bubstituted  for  the  ordinary  pad  electrodes,  some  contrac- 
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tion  will  W  8.H.n  around  tW  negative  pole,  even  in  cases  of 
advanced  vv anting  with   reaction   of  degeneration  of   tho^ 

muscles.  ,     ,  .       •  •«•* 

In  cases  of  spastic  paralysis,  such  as  the  late   rigidity 
of  hemiplegia  and  spastic  paraplegia,  the  normal  brisk- 
ness of  reaction  of  the  muscles  is  somewhat   alt4>red,  the 
contractioT.  Wing  rather  more  slowly  developed  and   not 
relaxing  so  suddenly.     St.metimes  in  hemiplegia  or  in  para- 
plegia  due  to  a  transverse  lesion  of  the  cord,  the  muscles 
waste  at  first  rather  rapidly,  and  are  flaccid  ;   and  unless 
a  faradic  batterv  were  at  hand  to  take  the  electrical  reac 
tions  it  would  be  easv  to  mistake  such  a  case  for  a  lesion  of 
the  lower  neuron,  such  as  a  poliomyelitis,  or  a  neuntw.     In 
either  of  the  two  latter  conditions,  after  the  lapse  of  a  week 
from  the  commencement  of  the  symptoms,  the  faradic  re- 
actions of  the  muscles  will  Ik;  much  diminished,  or  lost 
altogether.    If  the  faradic  reactions,  on  the  other  hand, 
are  normal,  it  is  certain  that  the  lower  neuron  is  intact,  and 
that  the  lesion,  if  any,  is  affecting  the  pyramidal  fibre  in 
the  cord  or  brain.     In  functional  paralysis,  also,  the  re- 
actions of  the  muscles  to  faradism  will  be  perfectly  nor- 
mal    In  the  majority  of  cases  of  infantileparab-sis,  or 
acute  anterior  poliomyelitis,  the  paralysis  at  fiStis  more 
widespread,  and  many  more  groups  of  muscles  may  be  tem- 
porarily paralysed  than  ultimately  results.    Thus  the  whole 
of  one  lower  extremity  may  at  first  be  completely  paralysed 
for  two  or  three  weeks,  though  permanent  wasting  may 
only  occur  in  some  of  the  groups  of  muscles  l^elow    the  : 
knee    especially  the  tibialis  anticus  and  extensors  of  the 
toes  'with  Frhaps  partial  wasting  of  the  quadriceps  exten- 
sor femoris.    The  thromlx)tic  and  hamorrhagic  lesion  m 
the  anterior  horns  of  the  spinal  grey  matter    that  has 
destroyed  the  trophic  centres  of  these  muscles,  has  at  the 
same  time  temporarily  paralysed  through  shock  the  neigh- 
bouriug  centres  for  the  remaining  muscle  groups  of  the 
lower  extremity,  and  occasionally  such  functional  paralysis 
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of  th«'Hc  remaining  musch-s  may  pfreigt  even  for  months  if 
untreat«>d. 

It  is  in  such  cases  that  faradism  is  so  useful  in  diag- 
nosis, for  those  muscles  whose  trophic  centres  are  destroyed 
and  are  jK-rmanently  paralysed  will  not  react  to  faradism, 
while  those  muscles  whose  voluntar}'  power  is  merely 
temporarily  inhil)it<'d  through  shock  will  react  briskly 
to  faradism.  Thus  the  electrical  reactions,  taken  from  a 
week  to  ten  days  aft^-r  the  onset  of  the  paralysis,  will  give  an 
unerring . prognosis  as  to  the  tnie  and  permanent  ext^'nt 
of  the  paralysis,  though  without  this  t<'8t  the  only  way  of 
deciding  on  the  extent  of  the  permanent  paralysis  is  to  wait 
for  the  onset  of  atrophy  in  the  stricken  muscles. 

If,  then,  a  muscle  responds  with  a  brisk  contraction  to 
the  faradic  current,  it  may  l)e  taken  as  certain  that  the 
lower  motor  neuron  supplying  that  muscle,  anterior  horn 
cell,  anterior  root,  and  the  mixed  nerve  to  the  muscle  is 
intact.  The  converse  proposition  does  not  always  hold  good, 
for  sluggishness  of  contraction  to  faradism  may  be  present 
in  cases  of  reflex  wasting  of  the  muscles  from  joint  disease, 
— arthritic  atrophy  as  it  is  called — also  in  myopathy,  in 
chronic  cases  of  spastic  paraplegia,  and  in  hrmiplegic 
rigidity;  that  is  to  say,  in  cases  where  the  lower  motor 
neuron  is  uninjured,  or  even  at  times  when  the  limb  and 
muscles  are  cold  and  stiff.  Further,  in  total  transverse 
lesions  of  the  cord,  the  muscles  of  the  lower  extremity  may 
waste  rapidly,  and  lose  all  their  electrical  reactions  both 
to  faradism  and  to  galvanism,  although  no  lesion  whatever 
of  the  lumbar  grey  matter  or  peripheral  nerves  may  be 
discoverable  fost  mortem. 

Motor  points.— In  the  testing  of  muscles  electric- 
ally, there  are  certain  points  on  the  skin,  known  as  motor 
points,  which  on  stimulation  give  the  maximal  contraction 
for  the  particular  muscle.  These  roughly  correspond  to 
the  point  of  entry  of  the  motor  nerve  into  the  muscle,  and 
though  they  are  subject  to  a  certain  latitude  of  variation 
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in  their  position  in  difTerrnt  BubjeotH,  they  are  hufl'uiently 
constant  to  Iw  charted,  and  Erb  has  publiHhed  charts  of 
the  motor  points,  which  are  usually  ropied  into  books 
dealing  with  electrical  treatment.  There  is,  however,  no 
necessity  to  romember  these  points,  or  to  use  s\i(h  charts 
in  electrical  testing,  for  it  is  far  l)etter  to  find  the  motor 
point  of  the  muscle  that  is  being  examined  for  (»ne8elf, 
which  is  easily  done  by  stroking  the  testing  electnde  over 
the  muscle  while  faradism  is  lieing  applied,  the  site  whence 
the   maximal   contraction   is   obtained   being   the   motor 

point. 

Of  the  limb  muscles  the  two  motor  points  that  are  most 
likely  to  give  trouble  in  finding  are  those  for  the  extensor 
hallucis  longus,  which  is  low  down  on  the  front  of  the  leg 
not  far  above  the  ankle-joint,  and  that  for  the  pronator 
radii  teres,  which  is  generally  Wst  obtained  at  a  point  just 
internal  to  the  biceps  tendon  at  its  insertion  into  the  radius. 
The  corresponding  muscles  of  the  two  sides  will  always 
react  in  almost  an  identical  manner  to  the  same  strength 
of  current,  so  that  if  only  one  limb  is  at  fault  the  reactions 
of  the  muscles  in  the  opposite  limb  should  be  taken  as 
the  required  standard. 

One  electrode,  the  indiffert-nt  electro<le,  is  usually  a  flat 
leaden  plate,  covered  with  flannel  or  chamois  leather  or  web- 
bing, and  thoroughly  moistened  with  warm  water ;  it  is  best 
applied  either  to  the  back  or  front  of  the  chest,  or  the  patient 
may  sit  upon  it.  The  active  or  treatment  electrode  should 
be  a  circular  pad  about  1  inch  in  diameter,  set  on  a  handle, 
the  pad  being  similarly  covered  and  moistened.  Special 
testing  electrodes  are  made  with  a  key  on  the  handle 
for  making  contact.  If  such  is  used,  care  should  l>e  taken 
that  the  key  is  so  fitted  as  to  "  make  "  the  contact,  and  not 
to  break  the  current.  Personally,  I  prefer  not  to  use  a 
special  testing  electrode,  but  an  ordinary  treatment  elec- 
trode of  the  size  mentioned,  and  to  interrupt  the  current 
by  placing  the   finger  on  the  vibrating  hammer  of  the 
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induction  coil  while  with  the  other  hand  hoiuaig  the  elec- 
trode on  the  muscle  to  be  tested.  In  this  way  single  induc- 
tion shocks  may,  if  thought  necessary,  l)e  used.  In  many  of 
the  testing  electrodes  supplied,  the  insulation  of  the  key 
is  insufficient,  and  there  is  a  leakage  of  current,  while  if  the 
method  I  use  be  adopted  there  can  be  no  question  of  the 
interruption  of  the  current.  The  testing  electrode  should 
not  be  made  too  small ;  1  inch  in  diameter  is  quite  small 
enough  for  all  purposes  except  testing  the  tongue  and 
palate.  When  testing  the  interossci  or  some  of  the  facial 
muscles,  the  edge  of  the  electrode  may  be  used,  and  in 
testing  the  intrinsic  muscles  of  the  hands  or  feet,  the  in- 
different electrode  is  better  placed  on  the  palm  or  sole,  so 
as  to  send  the  current  through  the  part. 

It  has  been  suggested  to  make  testing  electrodes  with  one 
handle  carrying  the  two  electrodes,  of  very  small  size, 
placed  quite  clos-?  together ;  it  is,  however,  a  bad  plan  to  have 
the  two  electrodes  close  together  on  the  skin  over  a  muscle, 
as  the  current  then  does  not  penetrate  properly,  and  it 
will  be  found  that  a  much  stronger  and  more  painful  cur- 
rent is  necessary  to  produce  the  required  contraction  than 
when  the  indifferent  electrode  is  placed  at  a  distance. 
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CHAPTER   III 

FARADIC   TREATMENT 

GENERAL  MALNUTRITION 

Thb  faradic  current  may  be  used  in  the  treatment  of 
atonic  muscular  conditions,  as  in  emaciation  resulting 
from  long  illnesses,  rickets,  anaemia,  etc.  That  daily 
applications  of  faradism  over  a  period  of  weeks  may  stimu- 
late metabolism  beneficially  has  been  proved  by  its  effect 
on  the  growth  of  young  animals,  a  litter  of  puppies  bemg 
divided  into  equal  numbers  and  kept  under  precisely  the 
same  conditions  as  gards  surroundings  and  diet,  but 
one  of  the  groups  being  ^•xposed  to  treatment  by  the  faradic 
current  daily  for  twenty  minutt  .  Those  treated  by  this 
means  after  several  weeks  weighed  considerably  more 
than  those  untreated,  although  preN-ious  to  the  experiment 
the  differences  were  inappreciable. 

The  best  way  of  applying  the  current  in  cases  of 
general  malnutrition  is  by  means  of  the  electric  bath,  the 
patient  being  immersed  in  a  warm  bath  and  the  two 
electrodes  connected  to  the  secondary  coil,  one  large,  flat 
electrode  being  placed  behind  the  patient's  tack,  acd  the 
other  at  the  feet.  Many  cases  of  severe  rickets  have  been 
reported  as  improving  remarkably  under  this  treatment, 
as  have  also  cases  of  chlorosis  and  other  forms  of  anaemia, 
and  cases  of  prolonged  debility  following  long  illnesses, 
such  as  influenza,  septicemia,  typhoid  fever,  empyema, 
and  other  causes  of  chronic  suppuration,  etc. 

It  may  be  said  that  general  electrificatipn  applied  in 
this  manner,  using  faradism  from  the  secondary  coil  in  the 
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electric  bath,  may  be  a  mcst  useful  adjunct  to  the  ordinan' 
methods  of  treatment  of  such  cases  when  thev  are  not 
gettmg  on  well.     Thus  in  chlorosis  iron  is  sometimes  very 
badly   tolerated,   either  causing  severe   headaches   or  in- 
digestion.    Although,  when  this  is  the  case,  tolerance  of 
the  drug  may  sometimes  be  procured  by  being  careful  to 
administer  it  always  soon  after  food,  and  in  very  dilute 
form-«ither  as  a  chalybeate  water,  or  by  adding  half  a 
tumblerful  of  water  to  each  dose  of  the  iron  mixture- 
yet  occasionally  cases  are  met  with  when  improvement 
18  either  very  slow  or  the  condition  may  even  remain  sta- 
tionary.   The  addition  of  arsenic  to  the  medicine  should 
then  always  be  tried,  but  sometimes  the   treatment  by 
the  faradic  bath  may  start  improvement  when  everything 
else  has  appeared  to  fail.     The  same  may  be  seen  in  rickets,:^ 
or  in  weakly,  puny,  ansemic  children,  whose  digestion  is 
very  irregular  and  who  do  not  gain  in  weight  and  size  as 
they  should  do  normally  for  their  age.     Aft«r  typhoid 
fever  and  influenza,  prolonged  debility  is   quite  common 
and  IS  sometimes  accompanied  by  considerable  mental  de- 
pression and  loss  of  memory,  lack  of  initiative,  and  general 
failure  of  the  mental  powers.      Here  also  general  electri- 
fication by  faradism  may  be  of  the  greatest  benefit. 

NEURASTHE.NIA 

By  this  term,  which  we  owe  to  an  American  phvsician, 
Dr.  Be^ard,  who  described  the  condition  in  1879,  is' meant 
a  condition  of  nervous  weakness,  nervous  debilitv,  or  nerve 
exhaustion  which  occurs  in  subjects  of  both  sexes,  usually 
of  adult  age,  most  frequently  between  the  ages  of  thirtV 
and  fifty.  It  has  often  been  ascribed  to  the  hurry  and 
stress  of  modern  life  in  cities,  but  that  this  is  untrue  needs 
only  a  little  experience  of  such  cases,  a  considerable  pro- 
portion occurring  in  men  and  women  of  leisured  habits, 
upon  whom  the  strain  of  competition  for  a  living  or  for 
social  success  bears  but  slightly.     On  the  other  hand    it 
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is  sometimea  said  that  neurasthenia  results  from  such 
men  and  women  having  too  little  to  do,  that  it  is  due  to 
their  excessive  leisure  allowing  them  time  for  too  much 
self-introspection  and  consequent  dissatisfaction  with  them- 
selves, thus  engendering  the  morbid  symptoms  of  what 
may  be  called  the  disease  neurasthenia.  Though  I  have 
no  doubt  that  this  is  a  predispcsing  cause  of  a  certain  degree 
of  importance  in  a  certain  number  of  cases,  those  who  have 
the  large  experience  of  a  hospital  out-patient  department 
will  be  struck  at  once  by  the  large  number  of  cases  occur- 
ring both  in  men  and  in  women  who  are  fully  occupied,  but 
yet  not  manif-^stly  overburdened,  by  the  ordinary  dui'<?8 
of  life.  This  condition  of  nervous  weakness  is,  then,  due 
to  some  congenital  or  hereditary  inability  of  the  higher 
intellectual  centres  to  face  the  everyday  problems  and 
emergencies  of  ordinary  life — a  breakdown  of  their  powers, 
that  in  many  cases  is  temporary,  though  in  many  others 
the  normal  capacity  is  never  recovered,  as  though  the 
machinery  had  become  prematurely  worn  out. 

Traumatic  neurasthenia.— A  very  important  group 
of  cases  of  neurasthenia  is  that  known  as  "  traumatic  neur- 
asthenia," occurring  in  persons  who  have  received  a  definite 
injury,  often  not  in  itself  severe,  but  yet  which  has  exerted 
a  profound  effect  upon  the  nervous  system  of  the  sufferer, 
who  is  usually,  in  this  group  of  cases  also,  of  "  aeurouc  habit " 
and  congenitally  prone  to  nervous  weakness.  A  certain 
proportion  of  these  cases,  which  may  follow  accidents,  such 
as  railway  accidents,  and  are  often  classed  as  cases  of  trau- 
matic neurasthenia,  are  accompanied  by  definite  symptoms 
of  paralysis  and  anaesthesia,  and  other  hysterical  stigmata, 
which  will  be  described  separatel}  imder  the  heading  of 
Hysteria  (p.  (52). 

A  sub-group  of  cases  of  traumatic  neurasthenia  of 
especial  interest  is  formed  of  cases  following  head  injuries, 
usually  slight  concussions,  frequent  enough  as  the  result 
of  falls  in  the  hunting  field  or  of  dnving  accidents.     Here 
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the  injury  is  sufficiently  severe  to  cause  definite  injury  to 
the  brain,  consisting  of  meningeal  ecchymoses,  and  super- 
hcial  haemorrhages  and  lacerations  of  the  brain  substance 
Itself.  In  more  severe  casi-s,  fractured  base,  depressed 
fracture  of  the  skull,  and  larger  meningeal  haemorrhages, 
cause  more  or  less  prolonged  loss  of  consciousness,  to  be 
followed  later,  after  the  graver  symptoms  have  subsided 
by  neurasthenic  symptoms  of  the  most  aggravated  type. 

In  the  large  majority  of  the  cases  following  injury   if 
the  appropriate  treatment  is  carried  out  for  a  sufficiently 
long  time,  the  prospects  of  ultimate  complete  recovery 
are  good,  as  there  is  often  no  congenital  weakness  of  the 
higher  intellectual  centres,  which  we  have  seen  to  be  so 
important  a  part  of  the  development  of  ordinary  cases 
of   neurasthenia.     In    these    traumatic    cases    the    injury 
to  the  brain  resulting  from  the  concussion  produces  the 
same   condition   of  instability  of  these   centres ;    but,    as 
the  lesion  may  be  recovered  from,  so  the  prospect  of  recovery 
from  the  neurasthenia  it  produces  is  good.    It  is,  however 
most  essential  that  prolonged  mental  and  physical  rest 
should  be  enjoined  upon  patients  suflFering  from  symptoms  of 
traumatic  neurasthenia  as  the  result  of  head  injuries,  a 
years  withdrawal  from  all  mental  fatigue  and  excitement 
being  often  necessary  as  a  preliminary  to  the  resumption  of 
the  ordinary  duties  of  life. 

Cases  of  traumatic  neurasthenia.-Three  instances 
of  traumatic  neurasthenia  will  suffice  as  examples,  the 
symptoms  giving  a  typical  clinical  picture  of  the  disease 
In  the  first.  E.  W..  at.  34,  a  market-gardener  in  a  lorge 
way  of  business  near  London,  was  driving  a  light  van  one 
morning  in  London,  when  he  was  run  into  by  an  omni- 
bus, and  was  thrown  from  his  seat  from  a  height  of  8  feet 
mto  the  roadway,  striking  his  left  hip  and  spraining  his 
right  knee  severely  and  ricking  his  back.  His  head  was 
not  injured,  but  he  was  very  stiff  as  a  result,  and  could 
not  move  for  several  days.     Ever  since  the  accident  he 
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has  felt  dr'pressed,  with  loss  of  memory,  forgetting  ever}'- 
thing  quickly,  and  he  has  the  utmost  difficulty  in  keep- 
ing his  accounts.  Complains  of  a  sensation  as  if  a  half- 
hundredweight  was  pressing  on  the  right  side  of  the 
back  of  his  head.  The  headache  spreads  from  the  right 
side  of  the  back  of  his  head  over  the  vertex,  and  becomes 
more  severe  about  three  times  a  week.  Walking  seems 
0  affect  his  back,  so  that  his  legs  drag.  Has  occasional 
dizziness,  as  though  he  were  going  to  fall.  Any  noise 
worries  him  intensely,  such  as  a  train  whistle,  or  the  noise 
of  the  children  in  the  house,  and  he  has  l)ocome  very  irrit- 
able. Since  the  accident  he  finds  great  difficulty  in  keep- 
ing awake,  and  has  become  a  very  heavy  sleeper,  especially 
for  the  first  few  weeks  after  the  accident.  He  has  no  energy 
now,  and  he  seems  to  dread  all  the  details  of  his  business. 
Physical  examination  of  the  nervous  system  elicited 
nothing  abnormal,  save  some  tenderness  over  the  third 
lumbar  apine,  eight  months  after  the  accident,  though 
the  neurasthenic  symptoms  persisted.  This  was  the  first 
day  he  had  been  in  London  since  the  accident,  and  he 
had  not  seen  an  omnibus  in  the  interval ;  but  the  sight 
of  them  in  the  streets,  he  says,  made  him  feel  quite  sick  with 
fright.  In  this  patient  there  were  two  causes  which 
aided  in  prolonging  the  period  of  his  mental  and  physical 
collapse.  Firstly,  his  too  early  return  to  work,  which 
was  forced  upon  him,  as  he  had  no  one  to  take  his  place 
in  the  business  and  look  after  his  men;  and  secondly, 
the  mental  strain  and  anxiety  produced  by  prolonged 
negotiations  between  his  solicitor  and  the  omnibus  com- 
pany on  the  question  of  compen?  <^ion. 

Legal  negotiations  on  the  qui^tion  of  compensation 
for  alleged  injuries  following  an  accident  are  a  frequent 
cause  of  the  prolongation  of  the  symptoms  of  a  traumatic 
neurasthenia  which  it  is  often  the  aim  and  object  of  the 
defendant  company  to  describe  as  malingering.  Of  late 
years,  however,  the  clinical  entity  of  traumatic  neuras- 
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thonia  has  l)"come  generally  recognised,  not  only  hy  the 
medical  profession,  but  by  judges  who  have  had  experi- 
ence in  railway  accident  and  other  compensation  cases. 
The  early  disapp<'arance  of  the  symptoms  in  a  proportion  of 
the  cases  after  the  legal  negotiations  have  been  completed, 
whether  satisfactorily  in  a  financial  sense  to  the  plaintiff  or 
the  reverse,  is  no  proof  of  the  symptoms  having  been  due 
U>  malingering  ;  and  it  is  an  undoubted  fact  that  a  resi- 
duum of  cases  do  not  get  well,  but  remain  in  a  permanent 
condition  of  nervous  instability  and  inability  to  work. 

A  good  example  of  the  cases  which  get  well  after  com- 
pensation I  saw  in  a  doctor,  a  big  Irishman  of  C  ft.  4  in., 
who  was  sitting  in  a  train  that  was  run  into  from  behind 
by   an   express.     The   noise   and   confusion   were   terrific, 
and  many  persons  were  severely  hurt,  but  he  himself  escaped 
without  any  bodily  injury.     He  lost  his  nerve,  however, 
completc'ly,  and  a  few  days  later  gradually  developed  a 
typical   hysterical   left   hemiplegia,    with   hemiana^sthesia 
and  loss  of  the  special  senses  on  the  left  side,  and  with  con- 
tracted visual  field  on  that  side,  amblyopia,  and  unilateral 
loss  of  colour-vision.     The  latter  symptom  he  was  not  aware 
he  possessed,  for  with  both  eyes  open  he  could  recognise 
colours  perfectly.     The  presence  of  this  symptom  without 
his  being  aware  of  the  fact  was  alone  sufficient  to  disprove 
the  theory  of    malingering,  which  indeed  was    not    put 
forwanl     While  the  legal  negotiations  for  compensation 
with  the  company  were  proceeding  he    was    unable    to 
attend  to  his  practice,  which  was  fast  disappearing,  and 
he  was  thinking  of  selling  it.     He  was  getting  worse  in- 
stead of  better,  and  a  certain  degree  of  incontinence  of 
both  sphincters  developed.     Yet,   within  a  week  of  his 
claim  being  settled  by  the  railway  company,  he  began  to 
improve,  and  he  rapidly  got  well  and  was  able  to  resume 
his  practice.     Many  would,  no  doubt,  be  tempted  to  de- 
clare this  to  be  a  case  of  malingering,  yet  I  am  perfectly 
certain  it  was  not  so. 
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With  this  may  be  contrasted  a  similar  case  which 
occurred  in  the  case  of  a  navvy,  at.  35,  who  gradually 
developed  the  same  symptoms  of  left  hemiplegia,  etc.,  a 
few  days  after  being  struck  on  the  head  by  a  falling  brick. 
The  element  of  compensation  was  absent  here,  yet,  in 
spite  of  treatment  at  various  hospitals,  the  symptoms  per- 
sisted unrelieved  for  four  and  a  half  years  until  I  saw  him 
in  1898.  He  attended  for  over  nine  months  in  the  elec- 
trical department  at  St.  Mary's,  where  1  treated  him 
with  strong  faradism  administered  with  the  wire  brush, 
with  the  result  of  eventual  complete  recovery.  No  im- 
provement was  seen  for  the  first  two  months,  during  which 
he  had  on  two  occasions  severe  hysterical  fits,  preventing 
his  attendance  for  a  few  days.  His  very  slow  recovery,  in 
spite  of  the  most  energetic  treatment,  is  an  example  of 
the  more  obstinate  persistence  of  the  symptoms  in 
cases  which  have  been  already  allowed  to  run  on 
for  a  long  time.  He  returned  to  work,  earning  full 
wages  as  a  navvy  for  the  next  seven  years,  but  has 
recently  developed  an  hysterical  paralysis  with  contracture 
of  the  right  hand,  following  on  an  accident  during  his 
work  in  excavating  a  new  road,  when  he  was  struck  in  the 
abdomen  by  the  handle  of  a  barrow,  after  which  he  vomited 
some  blood.  He  was  admitted  to  hospital  on  this  account, 
and  gradually  developed  the  hysterical  contracture  of 
the  right  hand,  still  complaining  for  months  of  pain  in 
the  abdomen,  though  nothing  wrong  could  be  discovered 
on  examination.  On  this  occasion  he  brought  a  lawsuit 
successfully  against  his  employer  for  compensation, 
eight  months  after  the  accident,  though  the  paralysis 
was  much  less  severe  than  on  the  former  occasion,  and 
commenced  to  improve  as  soon  as  treated  with  the  wire 
brush.  A  feature  of  the  case,  excluding  malingering  on 
both  occasions,  was  the  blueness  and  coldness  of  the  hand 
affected  with  the  hysterical  contracture. 

Traumatic  neurasthenia  in  children.— Traumatic 
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neurasthenia  may  occur  even  in  children  after  head  in- 
juries. A  recent  case  I  have  seen  in  a  little  girl  of  five, 
who  was  struck  on  the  head  by  a  piece  of  iron  gutter  falling 
from  the  roof  of  a  house.  She  was  rather  badly  con- 
cussed, and  for  several  months  afterwards  suffered  from 
symptoms  indicative  of  traumatic  neurasthenia.  She 
was  restless  at  night,  and  was  afflicted  with  night  terrors, 
while  in  the  daytime  she  was  peevish  and  cross,  could  not 
r('meml)er  anything  she  was  told  to  do  ;  she  preferred 
to  bo  solitary,  lieing  unable  to  bear  the  noise  of  other 
children  playing.  Though  here  also  an  action  was  brought, 
which  was  settled  for  a  substantial  sum  out  of  court,  no 
one  could  suggest  that  a  child  of  such  immature  age  could 
be  affected  by  the  worry  of  legal  negotiations,  or  that 'she 
was  malingering. 

Insomnia  and  other  s3rmptoms  in  neurasthenia. 
— Insomnia  is  sometimes  a  prominent  symptom  in  neur- 
asthenia, though  in  others  sleep  may  be  deeper  and 
heavier  than  usual,  the  patient  awaking  tired  and  unre- 
freshed.  I  have  had  under  my  care  a  doctor  in  busy 
practice,  with  a  good  deal  of  nightwork,  who  was  much 
annoyed  by  his  neighbour's  dog,  which  on  several  occasions 
barked  continually  during  the  night,  keeping  him  awake. 
This  started  insomnia,  so  that  the  slightest  noise  kept  him 
awake,  and  he  gradually  became  a  typical  neurasthenic, 
being  fearful  of  crossing  the  road,  and  in  constant  dread 
of  going  out  of  his  mind.  He  had  to  give  up  his  practice 
for  a  time,  but  eventually  recovered  completely.  He 
exhibited  a  symptom  which  may  almost  I^e  said  to  be 
characteristic  of  neurasthenia  :  an  excessive  flow  of  talk 
about  his  numerous  symptoms  and  ailments — a  symptom 
which  has  been  named  "  logorrhcoa." 

Headache  is  a  common  symptom  of  the  disease,  and 
occurs  in  two  types.  In  one  the  pain  is  situated  at  the 
back  of  the  head,  as  a  dull  pain  which  may  spread  down 
the  cer\'ical  spines,  some  of  which  may  be  acutely  tender. 
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In  the  other  the  sensation  is  more  one  of  compression, 
as  of  a  heavy  weight  upon  the  top  of  the  head  ;    or  the 
sensation  may  be  as  if  a  nail  were  being  driven  into  the 
top  of  the  head  (the  so-called  damshysUricus),  or  the 
top  of  the  head  may  appear  to  be  opening  or  shutting.     A 
dread  of  crossing  open  spaces  {agorafhchia),  or  of  being 
shut  up  in  a  room  or  any  place  from  which  there  is  not  a 
free  exit,  such  as  going  to  church,  or  a  concert  or  theatre 
{daustrojthdbia),  is  sometimes  a  distressing  symptom.     I 
have  seen  the  latter  accompany  the  symptoms  produced  by 
excessive  smoking— irregular,  rapid  heart,  with  the  central 
scotoma  and  loss  of  central  colour-vision  that  are  tjrpical 
of  tobacco  amblyopia.     Another  case— a  lady,  typically 
neurasthenic— could  not  bear  to  travel  alone  in  a  railway 
carriage  for  a  long  non-stop  run,  the  fear  of  being  shut  in 
alone  for  so  long  so  upsetting  her  that  on  one  occasion 
when  she  was  left  unexpectedly  alone  she  stopped  the  train 
by  pulling  the  alarm  signal. 

In  other  cases,  over-indulgence  in  drugs — alcohol, 
morphia,  cocaine — may  be  the  exciting  cause  of  the  appear- 
ance of  neurasthenia. 

Treatment  of  neurasthenia.— Removal  of  the  ex- 
citing cause  is  necessarily  the  first  care  in  the  treatment 
of  the  disease,  while  electrical  treatment  is  often  a  most 
useful  adjunct  to  the  more  general  methods  of  treatment. 
Prolonged  rest  is  advisable  in  the  majority  of  cases,  some  of 
which  may  best  be  treated  by  the  Weir-Mitchell  method  of 
isolation  from  friends  and  letters,  massage  and  overfeeding. 
General  electrification  by  means  of  the  faradic  bathis 
usually  the  most  efficacious  means  of  applying  Bl«Utflcilf" 
in  these  cases,  the  patient  being  immersed  up  to  the  neck 
in  a  warm  bath,  with  two  large  flat  electrodes  applied,  one 
to  the  back,  the  other  at  the  feet,  connected  to  the  secondary 
coil  of  a  faradic  battery.  Care  should  always  be  taken 
that  the  citfmn»-ii  tiirapd  />n  quite  gradually,  so  as  to  avoid 
all  possibility  of  giving  the  patient  a  shock,  the  strength 
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of  th.'  current  l)ein«  Rradually  increasod  from  the  minimum 
until  the  patient  Wgins  to  feel  it  as  a  tingling  in  the  toes. 
It  should  not  W  continued  for  mor««  than  ten  or  fifteep 
minutes  as  a  rule,  but  the  strength  of  the  currenl  may  be 
slight:,  increased  with  advantage  at  subsequent  treatmente. 
The  effect  is  refreshing  and  sedative,  induces  sleep,  and 
promotes  respiratory  exchange  and  metabolism  generally 
Traumatic  hysterical  paralysis.-For  those  cases 

of  hysterical  paralysis,  with  contracture  and  anesthesia, 
such  as  may   follow   injuries,   as  already  described,   the 
furadic  bath  is  not  so  suitable  as  the  more  stimulating 
treatment   l)y  means  of  the  wire   bruah.     This  electrode 
IS  made  in  the  form  of  a  paint-l)ru8h  with  stiff  wire  bristles, 
and  It  should  l)e  dal)l)ed  on  the  skin,  not  stroked  along  the 
surface.     The  skin  should  first  !«>  wetted,  as  bv  this  means 
the  resistance  of  the  homy  layer  of  the  epidermis  is  much 
diminished,  and  the  strength  of  the  current  correspondingly 
increased.     The  secondary  coil  should  be  used— preferably 
a  coil  with  a  large  numl)er  of  ttirns  of  thin  wirt',  as  it  is  our 
object  now  to  increase  the  cutaneous  sensory  effect  as 
much  as  possible.     The  muscular  contractions  produced 
will,  of  course,  be  strong,  yet  the  patient  may  feel  nothing 
at  first,  though,  if  a  sufficiently  powerful  battery  be  used 
(and  often  the  full  strength  of  the  current  available  is  re- 
quired), the  anaesthesia  will  gradually  diminish  in  intensity 
and  extent. 

HYSTERIA 
Formerly  k'lieved  to  be  a  disease  peculiar  to  women, 
and  to  be  associated  with  some  disturbance  of  the  uterine 
functions,  this  affection  derives  its  name  from  the  Greek 
Itrripa  =-  womb.  It  is  now  known  to  occur  not  un- 
frequently  in  men,  and  in  children  of  both  sexes,  and  the 
name  has  therefore  lost  its  special  significance.  Although 
the  derivation  of  the  word  suggests  a  pathogeny  of  the 
disease  which  modern  knowledge  has  shown  to  be  quite 
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unfounded,  yrt  the  t*rm  is  clinicalls  of  use  to  denote  a 
condition  which  is  in  no  Rense  nialingering,  and  which 
differs  in  many  respects  from  neurasthenia.  The  term 
"  fractional "  is  often  applied  by  some  physicians  to 
symptoms  which  do  not  appear  t-o  be  dependent  upon  an 
organic  basis,  the  word  "  hysteria  "  l)eing  avoided  partly  on 
account  of  its  old  associations  of  derivation,  and  partly 
from  fear  of  making  a  definite  decision  in  the  diagnosis  of 
the  absence  of  organic  disease.  The  term  "  functional  "  is 
thus  often  used  very  lorsely.  and  is  applied,  on  the  one 
hand,  to  groups  of  symptoms  which  by  ofhers  would  Iw 
called  hysterical,  and.  on  the  other  hand,  to  diseases  which 
have  no  known  morbid  anatomy,  such  as  paralysis  agitans 
and  many  epilepsies.  The  phenomena  of  hysteria  may  be 
very  protean  in  their  manifestations,  and  may  mimic  organic 
disease  sometimes  very  closely — such  as  an  hysterical  joint, 
which  may  be  mistaken  for  a  tubercular  joint ;  hysterical 
paraplegia,  too,  may  closely  resemble  disseminated 
sclerosis. 

The  various  syinptoms  which  may,be  met  with  in  hysteria 
are  best  grouped,  for  the  purposes  of  convenience,  under 
five  heads  : 

1.  Motor. 

2.  Sensory. 

3.  Special  senses. 

4.  Visceral. 

5.  Psychical. 

1.  Motor  symptoms  may  be  either  paralytic  or  spas- 
modic, and  it  is  not  uncommon  for  both  weakness  and 
rigidity  to  occur  together  in  the  same  affected  limb.  One 
limb  only  may  be  affected  {hysterical  monoplegia),  or  both 
arm  and  leg  of  the  same  side  may  be  similarly  stricken 
{hysterical  hemiplegia},  or  both  lower  extremities  may  be 
powerless  {hysterical  farajHegia).  When  the  arm  is  affected, 
either  alone  or  together  with  the  leg,  there  is,  as  a  rule, 
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couHidrrahl*'  rigitlity  of  the  forrann  musclt'S  and  hands, 
tho  finperH  Itcinp  fl»'X«'d  ut  th«  motacarpo-phalanpoal  joints, 
while  tho  intorphalangpal  joints  are  rigid  in  extension. 
The  fingfw,  at  tho  samo  time,  are  strongly  adducted  to- 
gcthor,  and  the  position  of  tho  hand  strongly  resembles 
that  seen  in  tetany.  Hysterical  spasm  may  l)c  tonic  or 
rhythmical ;  the  latter  is  sometimes  called  hysterical  chorea.- 
It  may  affect  some  of  the  neck  muscles  and  simulate 
spasmodic  torticollis.  A  not  uncommon  form  of  tonic 
hysterical  spasm  or  contracture  is  a  clenching  of  the  hand, 
the  fingers  heing  tightly  flexed  into  the  palm,  with  the 
thumb  outside.  This  condition  may  persist,  if  untreated, 
for  years,  and  organic  shortening  of  the  muscles  and  tendons 
may  ensue,  so  that  it  may  l)e  quite  impossible  to  straighten 
out  the  hand,  even  under  an  anajsthetic.  Flaccid  paralysis 
is  sometimes  met  with,  especially  in  hysterical  paraplegia, 
though,  on  the  other  hand,  the  most  extreme  rigidity  of 
the  whole  body  may  k*  present.  This  rigidity  in  cataleptic 
states  may  be  so  great  that  the  whole  body,  from  the  neck 
downwards,  with  the  lower  extremities,  may  be  rigid  like 
a  poker,  and  may  l)e  moved  as  one  piece. 

As  a  rule  in  hysterical  paraplegia,  even  if  there  be 
rigidity  of  the  legs,  the  tonic  spasm  does  not  fix  the  thighs 
to  the  pelvis  to  the  same  degree  as  is  seen  in  organic  spastic 
paraplegia.  In  the  latter  condition,  if  one  leg  be  taken  hold 
of  by  the  ankle  and  pulled  aside  the  other  leg  follows  it,  as 
though  drawn  by  a  magnet,  owing  to  the  tonic  spasm  of 
the  muscles  fixing  the  thighs  to  the  pelvis,  so  that  the  hip- 
joint  is  scarcely  moved,  but  the  pelvis  is  flexed  on  the 
spine.  This  is  a  sign  very  characteristic  of  organic  spastic 
paraplegia,  and  differentiates  it  from  functional  paralysis. 
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The  knee  and  ankle  jerks  are  not,  as  a  rule,  increased 
in  functional  paralysis,  though  there  may  be  a  pseudo- 
ankle  clonus,  which  i>  sometimes  very  difficult  to  distin- 
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guish  from  the  true  form.  In  hysterical  pnrap!cf?ia  the 
plantar  reflex  is  either  flexor  or  absent  altogether,  while 
in  true  spastic  paraplegia  there  is  an  extensor  plantar  reflex 
generally  obtainable.  The  abdominal,  conjunctival,  and 
other  superficial  refl«?xe8  will  not  Iw  altered  in  hysterical 
anaasthesia,  though  in  organic  cerebral  lesions  thew  are 
generally  diminished  on  the  side  opposite  to  the  lesion 
in  the  brain.  In  hysterical  paralysis,  with  or  with- 
out rigidity,  there  is  almost  always  ol)8ervable  a  good 
deal  of  vasomotor  derangement,  the  periphery  of  the  limb 
lieing  generally  cold,  clammy,  and  blue. 

A  definite  inconsistency  in  the  strength  of  the  affected 
muscles  is  a  most  useful  diagnostic  sign  of  a  functional 
paralysis.  Thus,  in  a  case  of  paraplegia  the  patient  may 
appear  to  lx»  quite  unable  to  extend  the  knee  after  it  has 
l)een  passively  flexed,  though,  when  the  leg  has  l)een  placed 
straight  again  and  the  patient  is  directed  to  keep  the  leg 
out  stiff,  this  may  be  done  with  considerable  force,  the  in- 
consistency in  the  available  power  of  the  extensors  of  the 
knee  being  a  conclusive  sign  of  a  functional  paralysis. 

Treatment. — In  the  absence  of  any  anarethesia  of  the 
paralysed  limb  in  hysteria,  faradism  must  be  given  with 
caution.  The  wire  brush  should  not  be  used,  but  faradism 
should  be  applied  by  using  a  moistened  roller  electrode,  the 
large  indifferent  electrode  being  placed  under  the  middle 
of  the  back.  The  strength  of  the  current  should  l)e  just 
sufficient  to  produce  slight  visible  contractions  of  the 
muscles,  but  should  not  cause  real  pain,  though  as  strong 
a  sensory  stimulus  as  can  conveniently  be  borne  is  advis- 
able. The  hammer  of  the  interruptor  should,  therefore,  1k> 
arranged  to  run  at  a  fairly  high  speed.  It  is  not  advisable 
to  treat  hysterical  symptoms  by  fastening  the  two  elec- 
trodes on  to  the  parts  to  be  treated,  and  then  to  turn  on 
the  current  and  leave  it  running  for  the  fifteen  or  twenty 
minutes  allotted  to  the  treatment.  The  action  of  the 
faradic  current  in  hysteria  is  mainly  through  the  psychic 
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sensory  effect  it  produces,  and  the  personal  efforts  of  the 
operator  are  therefore  necessary,  aided  at  the  same  time 
by  continual  encouragement  to  the  patient  as  to  recover)'. 
For  this  reason  better  effects  are  often  to  be  obtained  with  a 
large  battery,  because  of  its  greater  impressiveness,  than 
with  a  small  one.  Similarly,  in  the  treatment  of  hospital 
patients,  I  always  prefer  to  treat  cases  in  the  electrical  room 
with  large  and  reliable  machines  rather  than  use  a  smaller 
apparatus  in  the  ward,  where  the  general  surroundings  of 
the  patient  are  too  sympathetic,  and  the  operator  is  handi- 
capped by  a  subconscious  antagonism  which  may  be  quite 
sufficient  to  determine  a  nej^ative  result  instead  of  re- 
covery. 

2.  Sensory  S]nnptOins. — Either  anaesthesia  or  hyper- 
ajsthesia  may  be  met  with.  H}'pera'sthesia,  when  present, 
is  generally  over  certain  points,  such  as  the  vertebral  spines, 
or  over  the  groins — the  so-called  ovarian  tenderness — 
though  this  region  may  be  hypersDsthetic  also  in  a  man. 
Occasionally,  though  rarely,  a  limb  may  be  diffusely 
hyperajsthetic,  or  the  end  of  a  stump  may  become  acutely 
tender  after  an  amputation.  Ana}8the8ia  may  be  complete 
or  partial,  and  may  involve  one  half  of  the  body  (hemi- 
ana^thesia),  or  only  the  paralysed  limb  may  be  ana^thetic. 
Babinski  has  recently  recorded  his  opinion  that  the  hemi- 
anaesthesia  so  often  demonstrated  in  hysteria  is  always  the 
result  of  unconscious  suggestion  to  the  patient  by  the 
physician's  methods  of  testing.  If,  he  says,  special 
care  1x5  taken  in  the  method  of  testing  the  anrosthesia  in  a 
patient  who  has  not  previously  been  examined,  hemi- 
anuisthesia  is  never  found. 

That  this  may  be  true  of  a  certain  numter  of  cases, 
I  am  willing  to  grant,  but  I  am  convinced  that  the 
8ymj)tom  is  as  genuine  as  any  other  hysterical  sign,  and 
I  have  known  patients  who  have  themselves  noticed, 
before  ever  being  tested,  that  they  had  lost  feeling  on 
one  side  of  the  body,  usually   the  left  side,  and  that  their 
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hearing  and  eyesight  '^i.  that  aide  were  also  diminished  in 
acuity. 

A  not  uncommoi  rn  is  "  stocking-and-glove  "  anara- 
thesia,  the  hand  and  L^-x  being  anaesthetic  up  to  a  circular 
line  drawn  round  the  wrist  and  knee  respectively.  Patchy 
areas  of  loss  to  touch  or  pain  may  also  be  found  on  the 
trunk  irrespective  of  any  motor  paralysis.  The  hyper- 
aesthetic  areas  above  alluded  to  may  act  as  hysterogenetic 
zones ;  that  is  to  say,  when  pressed  upon,  the  patient  may 
be  thrown  into  hysterical  convulsions  or  exhibit  other 
hysterical  psychical  phenomena.  Headache,  if  present, 
is  usually  vertical,  sometimes  causing  a  sensation  as  of 
the  head  opening  and  shutting,  or  as  if  a  nail  were  being 
driven  into  it  {clavus  hystericus). 

3.  The  special  senses  may  be  affected  l)y  hyperacsthesia 
or  anaesthesia.  The  eyes  may  be  excessively  sensitive  to 
light,  or  one  eye  may  l)e  temporarily  amblyopic.  Com- 
plete loss  of  perception  of  light  in  both  eyes,  or  amaurosis, 
seldom  occurs.  When  there  is  hemianaesthesia,  the  eye  on 
that  side  may  be  amblyopic,  with  a  greatly  contracted 
field  and  loss  of  colour-sense,  and  smell,  taste,  and  hear- 
ing on  that  side  may  be  similarly  defective.  Rarely  the 
visual  fields  of  both  eyes  may  l)e  extremely  contracted  : 
the  so-called  pin-point  fields  of  hysteria. 

A  sensation  of  a  lump  rising  in  th«'  throat  (glnfnis 
hystericus)  is  due  to  irregular  contractions  of  the  oesophageal 
walls  or  pharyngeal  muscles.  Due  to  a  similar  cause  are 
phantom  twnour,  and  the  so-called  hysterical  j)€ritonitis, 
both  caused  by  irregular  contractions  of  the  abdominal 
muscles  and  intestinal  walls. 

Joint  disease  may  be  simulated,  the  l)est-known  form 
being  the  hysterical  hip,  in  which  the  general  symptoms  may 
simulate  hip-joint  disease. 

The  speech  may  be  affected,  hysterical  aphonia  being  not 
at  all  infrequent.  The  voice  is  reduced  to  a  mere  whisper, 
owing  to  inability  to  adduct  the  vocal  cords  in  phonation. 
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Soen  with  the  laryngoscope,  the  cords  appear  widely  ab- 
ducted, very  slight  movements  of  adduction  occurring 
on  uttemi)ting  to  phonate.  In  spite  of  this  apparent 
paralysis  of  adduction,  perfect  power  of  coughing  is  re- 
tained, the  full  explosive  expiratory  effort  necessary  for 
this  being  proof  that  adduction  of  the  cords  has  taken 
place  in  the  natural  manner.  This  inconsistency  in  the 
power  of  the  adductors  is  the  best  e\idence  of  such  an 
ai)honia  being  functional.  The  tolerance  of  laryngeal 
exainination  that  is  shown  by  these  patients  is  often  re- 
markable, the  ])harynx  and  larynx  often  being  partially 
ana'sthetic. 

Mutism,  or  hysterical  aphasia,  is  occasionally  met 
with.  There  is  ap]>arent  complete  inability  to  articu- 
late a  single  word,  although  the  power  of  understanding 
everything  that  is  said  or  written  remains  unimpaired. 
There  is  a  considerable  likelihood  of  these  cases  being  diag- 
nosed wrongly  as  motor  aphasia,  and  it  is  very  important 
to  distinguish  them  clearly  from  the  latter,  as  the  treat- 
ment of  the  two  conditions  differs  widely.  Hysterical 
mutism  is  usually  found  in  young  women,  and  is  often 
produced  by  some  mental  shock,  emotion,  or  worry. 

Smftmodic  cough,  of  a  vibrant,  harsh  tone,  unaccom- 
panied l>y  any  exi>ectf)ration,  is  also  not  very  uncommon. 
In   young   girls   this    hysterical   cough   has   l)een    named 
"  cynohex  hehelis"''  or  the  barking  cough  of  puln^rty.  owing 
to  a  supposed  resemblance  in  sound  to  the  bark  of  a  dog. 

4.  Visceral  SjnnptOins. — Anorexia,  or  complete  loss  of 
appetite,  may  reduce  the  patient  to  skin  and  bone.  Fomj/- 
m",  oft<'n  supposed  for  months  to  be  due  to  some  organic 
cause  such  as  gastric  ulcer,  may  be  accompanied  by  small 
quantities  of  blood,  bright  red,  due  to  gum-sucking  or 
some  other  semi-voluntary  cause,  which  may  easily  be 
mistaken  for  luvmatemesis.  As  a  rule,  these  j)atients  are 
not  mud*  emaciated,  and  if  the  vomiting  and  fals<'  lu-ema- 
temesis  have  continue'!  for  many  months,  as  in  a  case  1 
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have  recently  had  under  observation,  the  well-nourished 
condition  and  ruddy  lips  of  the  patient  may  at  once  give 
a  clue  to  the  hysterical  nature  of  the  case.  8uch  vomiting 
may  be  accompanied  by  anuria,  and  the  ejected  material 
may  even  contain  urea.  It  is  difficult  to  understand  how 
such  ani*ria  can  continue  for  days,  or  even  weeks,  with 
a  daily  average  of  not  more  than  two  or  three  ounces  of 
urine  \mne,  passed,  without  serious  constitutional  symp- 
toms arising,  yet  several  most  carefuily  watched  cases 
have  l>ten  recorded.  DMoonivg  of  the  intestines  from 
arrest  of  peristalsis  aad  accumulation  of  gas,  with  obstinate 
constipation,  may  occur.  This  protuberance  of  the  abdo- 
men was  one  of  the  most  obvious  symptoms  in  the  epi- 
demics of  hysterical  dancing  mania  that  occurred  in  the 
late  middle  ages. 

Ihjspnaa,  with  excessive  frequency  of  respirations, 
amounting  to  as  much  as  %  to  KM)  in  the  minute,  may 
persist  for  several  hours,  or  even  for  a  few  days.  It 
is  the  only  condition  in  which  the  rate  of  the  respirations 
ever  exceeds  the  pulse-rate,  with  the  possible  exce])lion 
of  asthma.  Hiccough  may  occur  as  a  functional  symj)- 
tom,  though  usually  it  is  met  with  in  profoundly  debilitated 
states.  There  is  a  close  nervous  connectifin  Itetween  the 
lower  end  of  the  intestine  and  the  n'spiratory  centre,  and 
hiccough  is  not  infrequent  after  operations  on  the  rectum, 
espv!cially  for  cancer.  It  may  last  for  several  days,  when 
it  is  likely  to  cause  considerable  exhaustion.  It  may 
occur  in  the  course  of  other  nervous  diseases,  and  I  have 
S!!en  it  severe  in  hemiplegia  with  weak  heart  and  emotional 
attacks,  in  pro^rressive  muscular  atrophy,  in  pseudo- 
hype  rtro])hic  muscular  paralysis,  etc. 

Palpitation  and  tachycardia  are  also  occasionally 
hysterical  in  origin,  and  there  may  f"r  a  time  l)e  some 
difftculty  in  distinguishing  the  neuro  io  form  of  tachycardia 
from  the  larval  form  of  Graves's  di^^ease,  in  which  there  is 
L-aidiac  disturbance  without  the  usual  ocular  or  thyroid 
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symptoms.  In  tho  lattor  tho  increaapcl  rat<»  of  the  heart 
is  more  or  loss  constant,  and  porsista  even  durinf:  slocp, 
though  to  a  loss  dof^rco.  In  nourotic  tacliycardia  tho 
inoroasod  rat^*  will  he  paroxysmal,  and  will  coaso  entirely 
during  sloop.  Thro])bing  of  tho  abdominal  aorta  is  some- 
times excessive,  and  may  occasion  a  pood  deal  of  discomfort 
and  anxiety  to  tho  patient.  There  ought  to  Ix*  no  difh- 
culty  in  diagnosing  tho  condition,  yet  1  have  several  times 
known  a  wrong  diagnosis  of  aneurysm  to  l>e  made. 

Pyrexia  is  hard  to  uiuh-rstand  as  an  hysterical  symp- 
tom, and  yet  undoubted  instances  have  been  recorded, 
in  some  of  which  the  extraordinary  range  of  110°  and  117° 
have  been  unaccompanied  by  any  grave  constitutional 
symptoms,  and  have  been  recovered  from.  Such  occur- 
rences of  hyperpyrexia  should  always  suggest  fraud,  and 
in  the  majority  of  instances  this  has  boon  detected,  sucli 
moans  as  rubbing  the  bulb  of  tlie  thermometer  on  the 
shoot  or  blanket,  or  heating  it  before  tho  fire  or  in  a  poultice, 
l)oing  most  commonly  employed.  However,  as  already  said, 
a  few  cases  have  boon  carefully  test<'d  and  fraud  excluded; 

f).  Psychical  symptoms  met  with  in  hysteria  include 
Gonvuhions,  which  may  usually  be  distinguished  from 
epileptic  fits  by  their  longer  duration,  persistent  struggling, 
talking,  and  attitudinising,  without  loss  of  the  conjunc- 
tival or  pupil  refh'xos.  Double  consciousness — a  curious 
mental  8tat<*  in  which  the  patient  suddenly  passos  from 
one  ])orHonality  to  another  totally  different,  thus  living 
two  alt^Tnatf  different  existences,  each,  as  a  nile,  totally 
unconscious  of  tho  other — may  alternate  with  sleep-walking 
or  oven  insanity. 

Treatment  of  hysteria.— The  treatment  of  the 
sensory,  visceral,  and  psychical  symptoms  of  hysteria  will 
vary  with  the  age  and  sex  of  the  patient,  as  well  as  with 
the  form  and  character  of  tho  symptom.s  present.  Hysterical 
co)ivul!^i(>ns  may  often  Ik"  arrestctl  by  a  strong  painful 
stimulus,  esiK'ciaUy  by  steady  pressure  upon  the  supra- 
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or])ital  nerve  at  the  point  where  it  crosses  the  eyebrow. 
.Should  a  cataleptic  state  supervene,  strong  faradism, 
applied  with  a  wire  brush,  will  be  the  best  treatment.  To 
get  the  best  results,  the  skin  should  be  wetted,  and  the 
wire  brush  dabl)ed,  not  stroked,  upon  the  skin.  Hysterical 
ancpsthesia  may  often  be  cured  in  the  same  way  by  faradism, 
though  there  is  always  great  liability  to  relapse.  Hyper- 
(Fsthesia  must  be  more  delicately  handled,  for  if  drastic 
measures  l)c  applied,  as  strong  faradism  to  the  hyper- 
sensitive areas,  the  patient  may  even  be  thrown  into 
hysteroid  convulsions,  or  such  a  state  of  terror  and  re- 
sentment may  be  aroused  that  it  will  be  difficult  to  exer- 
cise any  further  control  over  him  or  her.  In  such  a 
case  it  is  often  wise  to  commence  treatment  by  placing  the 
hyperaesthetic  limb,  if  such  is  the  affected  area,  in  the 
faradic  bath.  Such  hypera^sthesia  is  not  unfrequently 
met  with  on  the  stump  of  an  amputated  limb,  a  condition 
which  may  easily  l)e  mistaken  for  painful  neuroma.  In 
distinguishing  these  two  diseases,  it  should  l)e  remem- 
bered that  painful  neuromata  occur  only  after  there  has 
been  suppuration,  so  that  if  the  wound  after  the  opera- 
tion healed  by  first  intention,  then  it  is  highly  probable 
that  the  hypersesthesia  is  hysterica).  Again,  in  the  latter 
case  the  excessive  tenderness  is  mainly  superficial,  often 
the  lightest  touch  appearing  to  cause  great  distress  ;  while 
in  true  painful  neuroma  the  pain  is  not  brought  out  unless 
there  is  a  certain  amount  of  pressure  on  the  part,  and  it 
is  limited  to  the  neighbourhofxl  of  the  scar.  After  apply- 
ing weak  faradism  by  means  of  the  faradic  bath,  the  sensi- 
tive area  should  he  gently  rubl)ed  with  a  roller  electrode 
and  a  gradually  increasing  strength  of  current  turned  on. 
At  the  same  time,  while  applying  the  treatment  it  is  im- 
portant to  encourage  the  patient  with  the  assurance  that 
the  trouble  will  soon  be  cured  and  disappear,  because  of 
the  enormous  influence  that  reflex  psychical  impressions 
have  upon  the  nervous  system  in  hysterical  patienta. 
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S«)mo  hystorical  cases  respond  better  to  treatment 
by  spark.s  from  the  static  machine  or  by  high  frequency 
currents.  It  is  difTxcult  to  say  which  form  of  current  will 
serve  the  l)etter  in  any  case,  but  the  choice  should  Ix? 
Ix'tween  these  three  :  faradism,  with  or  without  the  wire 
brush  ;  sparks  from  the  static  machine  ;  or  the  high 
frequency  treatment.  Oalvanism  and  sinusoidal  currents 
are  of  less  value. 

Pathology.—  The  pathology  of  hysteria  must  l)e  under- 
stood if  the  best  results  are  to  be  attained  in  its  treatment. 
There  is  usually  a  strong  hereditary  taint  of  neurosis — 
e])ilej)sy,  insanity,  or  the  like  ;  and  there  is  frequently 
an  element  of  fraud  or  malingering  superadded  to  un- 
doubti'd  hysterical  symptoms.  The  condition  may  lie 
latent,  and  only  be  brought  out  by  some  severe  illness, 
influenza,  or  bodily  or  mental  shock.  The  symptoms  are 
due  to  a  temporary  loss  of  control  of  certain  of  the  higher 
centres  over  lower  ones,  or  else  to  an  automatic  and  ab- 
normal restraining  influence  of  higher  on  lower  centres, 
an  auto-inhibition.  The  excessive  emotional  attacks 
and  hysterical  fits  will  Ix*  instances  of  the  former  condition, 
while  hysterical  paralys«'s  and  anarathesias  illustrate  the 
latter.  For  some  yejirs  I  have  taught,  following  Bernheim, 
of  Nancy,  that  the  psychical  auto-inhibition  which  pro- 
duces hysterical  paralysis  and  anrosthesia  is  precisely  com- 
parable to  the  hypnotic  state. 

These  disorders  of  function  are  not  accompanied  by 
any  gross  or  microscopical  change  in  the  nerve  cells,  nor  is 
it  probable  that  there  is  any  nutritional  change  at  first, 
though  this  may  occur  later  if  the  morbid  hysterical  statt» 
n-mains  uncured.  At  first,  however,  the  hysterical  para- 
lysis of  motion,  sensation,  or  special  sense  may  Ix" 
instantaneously  cured  by  the  effect  of  a  reflex  sensorv 
stinmlus.  This  may  Ik*  conveyed  by  the  suggestion 
of  psychical  impressions,  as  the  religious  etithusiasm 
evoked  at  Lourdes,  or  a  sudden  mental  shock  or  fright, 
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such  us  of  fire.  The  longer  thut  hysterical  parulysis, 
spasm,  or  aim-Hthosia  n-mains  uncured.  the  more  diflfi- 
cult  is  it  to  remove  by  treatment,  and  the  longer  it  takes 
to  do  so.  It  is  therefore  important  that  the  treatment 
should  be  energetic,  though  not  necessarily  verj'  painful, 
and  efforts  should  })e  made  to  impress  the  patient's  atten- 
tion and  respect  for  the  apparatus  employed,  for  the  cure 
is  produced  by  reflexly  affecting  the  higher  psychical 
centres  by  means  of  stimuli  applied  to  the  skin  or  the 
other  special  senses.  In  this  way  the  excitability  of  these 
cortical  centres  is  altered,  and  the  inhibitory  effect  on  lower 
centres  taken  oif. 

As  an  illustration  of  what  is  meant  by  the  sudden  re- 
moval of  this  process  of  auto-inhibition,  the  effect  of 
suggestion  in  hysterical  unilateral  amblyopia  and  loss 
of  colour-vision  may  ha  cited.  The  acuity  of  vision  in  one 
eye  is  then  much  reduced,  and,  though  this  is  generally 
unknown  to  the  patient,  there  is  loss  of  colour-vision  in 
this  eye,  though  colours  arc  normally  jierceived  liy  the 
other.  On  placing  trial  frames  with  two  prisms,  one  base 
upwards,  the  other  base  downwards,  before  the  eyes, 
vertical  diplopia  is  produced,  and  it  will  then  be 
found  that,  if  the  patient  is  made  to  read  the  test  types 
with  both  eyes  open,  the  upper  and  lower  images  will  Ik; 
equally  well  read,  corres})onding  to  the  previously  ascer- 
tained acuity  of  vision  of  the  good  eye.  Coloured  objects 
will  also  l>e  seen  equally  well  in  the  upper  and  lower  images, 
though  if  the  good  eye  be  now  covered  it  will  \k-  found  that 
the  colour  instantaneously  fades  out  of  the  remaining 
image,  and  the  sight  of  that  eye  Incomes  amblyopic,  as 
lie  fore,  as  soon  as  the  patient's  attention  is  direct«>d 
to  it.  Thus  an  inconsistency  in  the  vision  of  that 
eye  has  Wn  shown,  proving  the  disability  to  l)e  of  a 
functional  nature.  Malingering  is  exclud«'d,  for  the  reason 
that  the  patient  is  nearly  always  unaware  of  the  colour- 
loss  in  the  amblyopic  eye,  and  if  asked  whether  colours 
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are  rpcopriiscd  us  well  as  usual  tlie  reply  is  in  the  affirma- 
tive, (18  is  indeed  the  case  with  hoth  eyes  <)|><'n,  l«'cau8e 
the  edlours  are  then  seen  by  the  good  eye  as  well. 

The  visual  field  is  often  mueh  contraeted  in  hysteria, 
and,  if  perimeter  eharts  are  taken,  it  will  Ije  found  that 
the  field  Ix'comes  mon>  and  more  contraeted  ns  the  test 
is  carried  on.  a  helical  contraction.  In  a  few  cases  the 
fields  of  both  eyes  are  so  contracted  that  they  do  not  extend 
more  than  five  degrees  around  the  fixation  point,  the  so- 
called  pin-point  fields  of  hysteria.  A  similar  bilateral 
contraction  of  the  fields  may  be  met  with  in  cases  of  double 
hemianooia,  in  which,  after  the  lapse  of  some  months,  a 
small  area  of  central  vision  returns  around  the  fixation 
point.  Crreat  contraction  of  the  fields  may  also  be  met 
with  in  H'tinitis  pigmentosa  and  in  choroiditis.  True 
hcmianopia  does  not  occur  in  hysteria,  but  it  may  l>e  simu- 
lated by  an  irregular  contraction  of  the  fields  in  which  the 
contrat  tion  is  much  greater  on  one  side  than  the  other. 
In  one  such  case  I  was  able  to  produce  complete  blindness 
by  suggesting  to  the  patient  that  she  should  lose  her  sight 
on  the  other  side  as  well.  On  the  next  morning  she  woke 
up  quit<?  blind  and  unable  to  see  light,  l)eing  much  dis- 
tressed then»at,  and  crying  and  sobbing  all  day  on  account 
of  her  loss  of  sight,  which  she  supposed  was  j)ermanent. 
Vision  was  restored  to  her  that  evening  by  the  process  of 
suggestion,  aided  by  passing  weak  galvanic  shocks  through 
her  eyes,  and  t4'lling  her  that  the  current  was  being  gradu- 
ally increased,  and  that  the  flashes  of  light  which  she  saw 
as  th«'  result  of  the  retinal  stimulation  were  l)ecoming 
brighter  and  brighter,  though  as  a  matter  of  fact  the 
current  was  not  In-ing  alU^red; 
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Facial  spasm  may  l>e  due  to  a  partial  lesion  of  the  face 
centre  in  the  motor  cortex,  or  of  the  pons  near  the  facial 
nucleus,  i>r  a  fesion  of  the  nerve  from  pressure  as  in  cere- 
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bellar  tumour,  or  from  a  partially  recoven'd  facial  nruritis. 
In  n«ith«>r  of  theso  is  faradism  of  any  Hervice,  and  the  term 
"  tic  "  does  not  properly  apply  to  them.  Convulsive  tic 
of  the  face  should  !«  distinf^iished  from  "  tic  douloureux," 
which  is  its  sensory  equivalent.  Convulsive  tic  is  a  func- 
tional spasm  which  may  aflfei^t  the  face  or  other  groups  of 
muscles,  and  does  not  depend  upon  any  organic  lesion, 
but  may  be  produced  reflexly  by  cold,  or  by  emotion,  un- 
conscious mimicry,  and  the  like.  A  slight  form  of  the 
affection  is  familiar  to  most  of  us  in  the  form  of  a  twitter- 
ing of  the  muscles  of  the  eyelids,  known  as  "  live  blood  "  or 
"  bird  in  the  eye."  This  is  especially  apt  to  come  on  if  the 
individual  is  run  down  in  health,  or  worn  out  after  pro- 
longed mental  stress.  It  may  continue  for  hours  at  a 
time,  and  even  keep  the  patient  awake  most  of  the  night. 
Treatment. — In  such  a  severe  attack  the  spasm  may 
generally  l)e  arrested  at  once  by  the  application  of  faradism. 
Two  circular  pad  electrodes,  about  an  inch  in  diameter, 
should  be  employed,  one  placed  over  each  eye,  and  a  weak 
current  turned  on,  using  rapid  interruptions.  The  current 
should  Ix?  sufficiently  strong  to  l)e  distinctly  felt,  l)ut  not 
to  cause  real  pain.  Five  minutes'  treatment  usually 
suffices.  Convulsive  isn-ial  tic  is  not  uncommonly  seen  in 
boys,  and  1  have  several  times  seen  it  cured  by  faradic 
tn»atment  carried  out  as  alwve.  Its  effect  is  produced 
through  its  strong  sensory  stimulus  acting  n>flexly  as  a 
sedative  on  the  hy{)er»*xcitable  motor  centres.  As  (lowers* 
says,  "...  Indet'd,  it  is  important  to  rememlxT  that 
strong  sensory  impulses  from  the  .seat  of  the  spasm  have 
more  power  than  any  other  aeem-y  to  raise  local  resistance 
and  arrest  over-action.  This  opposition  of  reflex  influences 
is  a  familiar  fact."  Yet,  on  the  same  page,  he  depre- 
cates the  use  of  electricitv  in  the  treatment,  and  savs  that 
only  a  weak  voltaic  current  should  be  employed,  with  no 
interniptions  of  the  current.  This  form  of  treatment 
♦  "  Manual  of  Diseases  of  Nervous  System,"  2nd  Edtn.,  II.,  268. 
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would  hiiv«'  the  least  soiiHory  ofToct.  and  is  n-ally  contrary 
to  hi.s  udvico  qiiott'd  altovc. 

Frcnrh  nuthors  hhc  tin-  term  "  tic  "  in  a  wider  sonHf  than 
is  common  amon^'st  En^IiHh  writt-rs.  classifyinj;  under  this 
head  many  chronic  forms  of  nmacuhir  spasm  combined 
with  ataxy  of  the  limhs.  as  well  as  of  the  head,  facial 
muscles,  and  articulation.  Khntrical  tn^atment  docs  not 
seem  of  any  avail  in  these  cases.  In  spasmodu;  torticnllia 
farad  ism  is  sometimes  of  service.  fJalvanism  is  the  form 
of  electriciil  treatment  usually  orden'd  ;  hut,  in  my  e.\- 
jM'rience,  faradi.sm  has  lK*en  of  at  least  e(jual  siTvice,  which 
is,  however,  not  saying  much.  Sometimes  faradism  of 
the  muscles  on  the  opposite  side  to  those  aflectcd  hy  the 
spasm  has  been  said  to  relieve,  and,  undoubtedly, 
systematic  exercises  may  in  certain  cases  Ih«  of  the 
greatest  service.  In  a  severe  case  of  spasnuidic  torti- 
collis, according  to  my  exjx'rience,  neurectomy  is  the  only 
treatment  likely  to  cure  the  condition.  In  addition  to 
•'Xcision  of  a  piece  of  the  spinal  acwssory  nerve  on  the 
side  of  the  affected  sterno-mastoid.  it  is  g«'nerally  advis- 
able to  divide  the  posterior  branches  of  the  upiHT  four 
cervical  nerves  on  the  opposite  side  (Keen's  ojHTation). 
Even  then  a  certain  amount  of  spasm  may  remain  in  the 
splenius  or  trachelo-mastoid  or  complexus  of  one  sidci 
which  must  then  be  treated  by  careful  massage,  and  by 
the  daily  performance  of  head  exercises. 

NEl'HALGIAS 

During  the  inflammatory  stage  of  neuritis,  faradism  is  of 
iH>  use  in  the  treatment  ;  on  the  contrary,  its  employment 
will  aggravate  the  pain.  After  the  inflammatory  stage 
has  subsided,  however,  pain  in  many  cases  persists,  due 
to  one  of  two  causes.  In  some  cases,  for  exam})le  SCiatic 
neuritis,  the  perineuritic  inflammation  of  the  sheath  of 
the  nerve  may  give  rise  to  adhesions,  wliich  remain  after 
the  inflammation  has  subsided,  and  the  dragging  of  these 
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adhoHJonH  upon  the  Hhoath  of  tho  nrrv*'  may  keep  up  the 
pain  almoHt  indefinitely.  This  in  the  claiw  of  case  that 
does  well  by  stn-tehinK  the  nerve  with  Swedish  massape 
and  forcible  mctvementn.  Care  must  Im'  taken  not  to  ap])ly 
such  drastic  treatment  during  the  stape  of  acute  or  suli- 
acute  inflammation  of  the  nerve,  or  the  8«'verity  of  the 
symptoms  will  probal)ly  l»e  mu<h  increased.  I  have 
known  many  cases  of  sciatica  miide  mu(;h  worse  by  the 
too  early  application  of  mass-ipe. 

The  other  cause  of  persistence  of  the  pain  after  sub- 
sidence of  the  primary  p<'rineuritic  inflammation  of  the 
sheath  is  a  neuralpia  limited  t<)  the  distribution  of  the 
affected   nerve.     In   these   cases   the   pain   is  not   due   to 
adhesions,   and   then*  is   no  diffuse   tenderness  alonp  the 
course  of  the  nerve,  nor  does  traction  on  the  ner\'e    by 
flexing  the  hip,  keeping  the  knee  extended,  produce    the 
pain  so  characteristic  of  the  first  two  varieties  of  sciatica. 
In  this  form  of  sciatica  either  faradismor  galvanism  may  \yc 
of  the  pr«'atost  benefit,  and  I  have  known  a  severe  case  which 
followed  typhoid  fever,  and  had  defied  treatment  by  rest  in 
l)ed  for  two  months,  disappear  completely  after  two  weeks' 
treatment  with  both  currents.  1  he  faradism  is  I)e8t  applied 
l)y  a  roller  electrode  rubbed  along  the  back  of  the  thigh  an<l 
buttock,  with  a  large  pad  as  the  indifferent  electrode  Itent 
round  the  calf.     The  strength  of  the  current  should  be 
sufficient  to  produce  weak  contractions  of  the  muscles,  but 
not  to  induce  pain.     The  treatment  of  subacute  and  chronic 
sciatic  neuritis  by  rcc::r.''  '^*  galvanism  will  \)C  described  in 
Chapter  V. 

Neuralgic  pains  may  l)e  met  with  in  the  limbs  or  trunk 
along  the  distribution  of  many  other  nerves,  but  it  is 
especially  in  the  head  that  neuralgia  is  apt  to  be  severe 
and  frequent.  Occasionally  it  occurs  at  the  back  of  the 
head,  along  the  course  of  the-  great  occipital  nerve  ;  but 
it  is  most  usually  met  with  in  the  distribution  of  the  tri- 
geminal, or  fifth  cranial  nerve.    The  slighter  forms  are 
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limitod  Ut  a  portion  of  the  face  or  front  of  the  hoad,  as  the 
fon'head,  eyebrow,  side  of  the  nose,  or  guma. 

The  t<'rm  'neuralgia"  as  used  here  is  mea.  to  include 
only  nerve  pains  which  have  no  organic  basis,  while  those 
which  are  dependent  upon  actual  lesion  of  nerve  fibres  are 
to  be  descrilMHl  as  symptoms  of  neuritis.  When  pains 
due  to  organic  disease,  however,  become  chronic,  such  as 
those  of  chronic  rheumatism  or  tibes  dors  ilis,  they  are 
frequently  spoken  of  as  "  neuralgic." 

Neuralgic  pains  in  the  trunk  or  liml)s  must  Ik*  care- 
fully investigated  In^fore  it  is  decided  that  they  are  a  true 
neuralgia,  and  not  due  to  a  chronic  rheumatic  muscular 
fibrositis,  rheumatoid  arthritis,  neuritis,  or  some  disease 
of  the  spine  such  as  caries  or  tumour,  or  of  the  spinal  cord 
such  as  tabes  dorsalis.  Again,  chronic  pains  suggestive  of 
neuralgia,  though  really  symptomatic  of  chronic  Bright's 
disease  or  diabet<'s,  may  easily  mislead  the  unwary— a 
mistake  which  a  routine  examination  of  the  pulse  and  urine 
would  prevent.  ()ft<'n  the  pulse  will  give  a  valuable  clue 
to  the  elucidation  of  vague  pains  and  other  symptoms  which 
may  otherwise  be  attributed  to  neuralgia  or  to  hysteria. 
Crently  rolling  the  pulse  under  the  finger  will  detect  the 
hard  artery  with  thick  walls,  which  is  an  indication  of 
arterio-sderosis  with  its  attendant  train  of  evils,  either 
present  or  threatvning  in  the  form  of  chronic  Bright's 
disea.se,  gout,  asthma  and  chronic  bronchitis,  cardiac 
liy])«>rtrop!iy,  angina  pectoris,  etc.  In  any  of  the.se  com- 
])lications  of  art<^rio-sclerosis,  neuralgic  pains  in  the  limbs 
or  head  are  a  not  unfrequent  symptom.  Needless  to  say, 
faradism  is  likely  to  ])rove  a  failure  if  used  in  the  symptom- 
atic treatment  of  these  diseases. 

An  exception  may,  however,  1k'  made  in  the  case  of 
rheumatic  myalgia  such  as  lumbago,  or  the  sharp  mus- 
cular pains  accompanied  l)y  stiffness  around  the  shoulder, 
hip  or  neck.  For  this  form  of  muscular  rheumatism 
faradism,  given  with  a  roller  electrode  as  strong  as  can 
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conveniently  Ix;  l)orne,  may  have  an  imniediat*'  effect  in 
diminishing  or  even  abolishing  the  pain  and  stiffness.  The 
best  results  willhe  obtained  if  combined  faradism  and  gal- 
vanism are  given  at  the  same  time  with  the  roller  electrode, 
the  battery  being  so  arranged  that  the  roller  is  the  anode,  and 
a  current  of  7  to  s  ma.  of  constant  current  used  in  addi- 
tion  to  the   faradism. 

Sometimes  after  an  attack  of  pleurisy  a  severe  per- 
sistent neuralgia  may  remain  in  tlie  side,  jxissibly  asso- 
ciated with  the  pn'sence  of  pleuritic  adhesions.  I  liave 
seen  the  greatest  relief  given  in  several  of  such  cases  by 
the  use  of  the  roller  electrode  and  faradism.  and  the  rapid 
cure  and  disappearance  of  pain  which  had  remain<'d  for 
months  in  despite  of  other  forms  of  medical  treatment. 

Severe  neuralgic  pains  in  the  head  or  face  are  apt  to  Im- 
confounded  with  other  causes  of  headache.  Thus  the 
severe  headache  of  cerebral  tumour,  when  paroxysmal, 
is  liable  to  lie  mistaken  for  neuralgia  in  the  early  stages. 
An  alveolar  abscess,  or  suppuration  in  the  antrum  of  High- 
more,  or  in  the  frontal  sinuses,  may  also  be  overlooked 
and  the  pain  ascribed  to  neuralgia.  Dental  neuralgia  is 
a  very  common  form  of  faceache.  The  pain  is  a  true 
reflex  neuralgic  pain,  though  it  is  started  by  an  irritation 
or  actual  inflammation  of  a  peripheral  twig  of  the  .sjime 
nerve.  Faradism  is  not,  however,  a  go<jd  mode  of  treat- 
ment  of  such  cases,  as  there  are  Ix'tter  ways  open  to  us  of 
relieving  the  pain.  In  true  dental  neuralgia,  in  which 
there  is  not  actual  continuous  irritation  of  a  twig  of  the 
nerve  by  caries  of  a  tooth  going  on,  a  stiff  dose  of  fifteen 
grains  of  quinine  ofu-n  relieves  within  an  hour,  and  may  per- 
manently cure  the  trouble.  Klectricity  is  sometimes  of 
great  use  in  the  treatment  of  severe  rheumatic  neuralgia 
of  the  face,  but  in  the  form  of  galvanism,  not  faradism. 
Similarly  the  severe  form  of  facial  neuralgia  known  as 
trigeminal  neuralgia  or  tic  douloureux  is  not  amenable  to 
faradism. 
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NEIHITIS 

A  fnvjiicnt  inst;»i4(M«  r)f  u  neuritis  due  to  a  locally  acting 
cause  is  the  common  fortji  of  facial  /xirafifsi/t  or  Bell's  palsy, 
due  to  exposure  to  chill.  The  facial  being  a  motor  nerve 
only,  with  the  exception  of  the  gustatory  and  secretory 
filires  that  run  in  the  chorda  tympani,  the  paralysis  is 
not  preceded  or  accompani<'d  by  pain  or  any  sensory 
symptoms.  .\  It  hough  at  first  the  paralysis  may  he  com- 
]>lete  and  the  angle  of  the  mouth  drawn  over  to  the  opposite 
side,  with  inability  to  close  the  eye,  yet  both  the  nerve  and 
muscli'  will  respond  to  faradism.  a*  1  the  facial  muscles 
will  not  lose  their  faradic  excitability  for  a  week  to  ten  days. 
In  the  slighti-r  cases,  in  which  the  nerve  fibres  are  scarcely 
more  than  j)ressed  on  by  inflammatory  exudation,  the  nerve 
does  not  lose  its  faradic  excitability  altogether,  but  the 
muscular  contractions  will  be  somewhat  diminished  to 
faradism,  with  at  the  same  time  slight  hypere.xcitability 
to  galvanism,  equally  to  kathode  and  anode,  the  anodal 
closing  contraction  being  the  more  sluggish  of  the  two. 
This  is  known  as  a  })artial  form  of  the  reaction  of  degenera- 
tion. 

Faradism  .should  never  be  used  in  the  treatment  of 
facial  paralysis  in  any  of  its  stages,  and  it  is  useful  only  in 
the  diagnosis  of  the  severity  of  tho  lesion,  and  therefort*  in 
the  ])rognosis.  .\fter  the  jinralysis  of  the  face  has  lasted 
two  or  three  days,  an  alteration  of  the  electrical  excitability 
of  the  facial  nerve  fan  usually  be  detect^'d.  At  first  there 
is  often  a  short  period  during  which  the  nerve  is  hyper- 
excitiible  both  to  faradism  and  to  galvanism,  so  that  when 
the  ti'sting  electntde  is  placed  upon  the  exit  of  the  nerve 
close  to  the  mastoid  the  muscular  contractions  of  the 
par.ilysed  side  of  the  face  will  be  made  evident  with  a 
weaker  current  than  is  necessitry  to  ])rovoke  similar  con- 
tr.ictions  of  the  f;H'i:il  muscle.s  on  the  pound  side,  when  the 
testing  electrode   is   placed  in   the  corresponding  position 
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behind  tho  other  mastoid.  This  wave  ».f  hyperexcital.ility 
is  followed  hy  diminished  excital)il!ty  of  the  nerve  to  JK)th 
currents,  and  in  severe  cases  hy  total  Iofs  of  condurtion 
power  of  the  nerve  to  both  currents.  The  condition  is 
known  as  the  reaction  of  defeneration  of  the  nerve,  and  is 
to  l)e  distinguished  from  the  reaction  of  degeneration  of 
the  muscles  wliich  develops  at  the  same  time  and  is  differ- 
ent in  type.     {See  p.  129.) 

Although  the  amount  of  diminution  of  faradic  e.xcit. 
ability  of  the  muscles  may  l)e  taken  as  a  measure  of  the 
severity  of  the  lesion  of  the  nerve  about  ten  days  aft<>r  the 
onset  of  the  paralysis,  yet  return  of  faradic  excit«l)ility 
is  by  no  means  the  first  symptom  of  commencing  recovery. 
In  cases  of  facial  paralysis  the  first  sign  of  commencing  re- 
covery is  always  the  return  of  tonic  contraction  of  the  facial 
muscles,  so  that  the  face  becomes  straighter  again  and  the 
deformity  is  less  marked,  although  the  paralysis  for  volun- 
tary movement  is  still  as  complete  as  l)efore.  Usually 
return  of  voluntary  power  in  the  muscles  commences  some 
weeks  before  the  return  of  faradic  excitibility. 

Blepharospasm  is  a  reflex  spasmodic  contraction  of 
the  orbiculares  palpebrarum  of  the  two  eyes,  and  is  due 
generally  to  irritation  of  terminal  branches  of  the  fifth  nerve, 
ending  in  the  ocular  conjunctiva  or  cornea,  either  from 
conjunctivitis,  or  as  the  result  of  a  foreign  body  or  corneal 
ulcer.  It  is  usually  associated  with  photophobia,  but  it 
is  not  only  due  to  the  irritant  action  of  light  falling  upon 
the  eye,  as  it  may  l)e  continued  when  the  patient  is  placed 
in  a  dark  room,  or  it  may  l)e  present  in  a  blind  eye.  Reflex 
blepharospasm  may  also  be  produced  by  irritation  of 
other  branches  of  the  fifth  nerve,  as  by  carious  teeth ;  or 
the  spasmotlic  closure  of  the  lids  may  W  associated  with 
photophobia  set  up  by  irritation  of  the  retina  from  the 
action  of  a  very  bright  light.  "  Snow-blindness,"  and  the 
similar  condition  that  may  follow  rxpo.sure  to  the  action 
of  a  bright  arc  lamp  or  the  X-rays,  is  generally  due  to  aa 
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acute  conjunctivitis.  Expo.surc  of  the  retina  to  the  pun's 
mys  directlv,  as  by  using  an  insufficiently-smoked  plass 
to  observe  a  solar  eclipse,  may,  by  damaging  the  retina, 
produce  a  p<'rmanent  blindness,  associated  with  photo]>hobia, 
but  no  conjunctivitis. 

Iilei)harospaHin  may  l»e  ])artial  and  affect  one  eye 
oidy,  in  cases  where  there  is  a  long-continued  stubl»orn 
conjunctivitis  of  that  eye.  The  condition  then  simulates 
ptosis,  since  the  eyelid  is  ])artially  dropped  over  the  eye  ; 
but  this  reflex  contracture  of  the  orbicularis  may  be  dis- 
tinguished from  ptosis  In-  the  fact  that  the  eyebrow  on 
that  side  hangs  lower  instead  of  higher,  as  il  would  do  in  a 
case  of  weakness  of  the  levator  j)alpebra'.  In  true  ptosis 
the  ey«'})row  is  permanently  rai.sed  by  the  tonic  contrac- 
tion of  the  frontalis  on  that  .side,  causing  wrinkling  of  the 
forehead  in  the  unconscious  effort  to  aid  the  weak  levator 
palpebra3  in  raising  tlie  up])er  lid  ;  whereas  in  the  case  of 
blepharospasm  simulating  ptosis,  the  eyebrow  is  pulled 
down  by  the  contraction  of  the  orbicularis,  the  forehead 
remaining  smooth.  This  form  of  blepharospasm  is  some- 
times spoken  of  as  "  ptose  volontaire."  Other  cau.ses  of 
this  form  of  ptosis  are  :  (1)  diplopia  from  slight  strabismus, 
and  (2)  paralytic  dilatation  of  the  pupil  on  the  same  side. 
True  })t<)sis  is  always  associated  with  wrinkling  of  the  fore- 
head on  that  side,  unless  there  is  paralysis  of  the  frontalis 
muscle  also.  In  myasthenia  gravis  there  is  commonly  bi- 
lat<Tal  j)t<>sis  with  smooth  forehead,  due  to  the  associated 
weakness  of  the  frontales,  and  this  appearance  is  so  distinc- 
tive of  this  rare  disease  that  the  dist'ase  may  often  be  recog- 
nised at  a  glance  by  its  means. 

Hyst*'rical  blepharospasm  may  occur  as  ])art  of  a  con- 
vulsive tic  {see  p.  74),  or  it  may  persist  aft<>r  the  conjunc- 
tivitis or  other  reflex  irritant  csause  which  j)roduced  the 
blepharospasm  has  been  entirely  cured.  In  the  treatment 
of  blepharospasm  it  is  clearly  necessary-  to  search  carefully 
for  any  irritant  reflex  cause,  such  as  a  slight  conjunctivitis, 
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cornoiil  ulcer,  or  f(.n-ij,Ti  Unly.  In  th.'  alm.'iic..  of  wliut  inay 
be  thought  sufficiotit  cause  of  this  nature,  the  diagnosis  of 
functional  bh'pharospasm  may  he  made,  and  in  this  group 
of  cases  faradisni  to  the  eyelids  may  arrest  the  spasm 
completely.  An  instillation  of  cocaine  into  the  eye  mav 
also  1h'  successful,  either  alone  or  as  suj)plementarv  to 
the  faradic  treatment.  Circular  pad  electnnh's  should  1k> 
us<'d.  one  l)eing  placed  over  each  eye.  if  both  are  affected. 
The  current  iipplied  should  not  be  strong  enough  to  cause 
pain,  })ut  just  enough  to  cause  weak  contractir.ns  of  the 
facial  muscles. 


HEMFPLKGIA 

Hemiplegia  may  l»e  benefited  to  a  certain  extent  b\-  fara- 
dic treatUKMit  when  it  is  due  to  an  organic  lesion.  This  has 
a  stimulating  effect,  and  will  aid  in  preventing  the  wasting 
of  the  muscles  that  commonly  ensues  ;  and  at  the  same 
time  it  improves  the  sensibility  to  tactile  and  other  sensa- 
tions, and  the  storeognostic  sense  or  power  of  localising 
and  appreciating  the  various  forms  and  weights  of  objects. 
Unless  the  ana-sthesia  is  profound,  as  may  occur  in  sotne 
lesions  at  the  back  of  the  internal  capsule,  or  the  dorsal 
tegmental  portion  of  the  crus  or  pons,  the  treatment  is 
best  applied  by  means  of  the  roller  electrode  to  each  limb 
separately,  the  indifferent  electrode  ]>eing  applied  to  the 
middle  of  the  spine.  In  the  majority  of  cases  the  ana^thesia 
is  of  the  type  known  as  "  cerebral,"  in  which  the  most  para- 
lysed part  is  the  most  ajia^sthetic  ;  that  is  to  Siiy,  the  foot 
and  hand  are  mori'  paraly.sed  and  also  nu)re  aiui'sthetic 
than  the  ankle  and  wrist,  and  these  latt<'r  than  the  knee 
and  elbow.  In  lesions  of  the  posterior  portion  of  the 
internal  capsule,  the  so-called  "sensory  crossway "  of 
Charcot,  or,  again,  of  the  tegmental  region  of  the  cms  or 
pons  involving  the  fibres  of  the  fillet,  then  the  ana-sthesia 
produced  is  different  in  iyi>v  to  that  just  described,  involv- 
ing one  half  of  the  body,  face,  neck,  trunk,  and  limls  in 
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fil)oiif  fquiil  <li'{»nM'.  Ocrasirxmlly,  t)ir>u^h  ran-lv,  thi* 
jiiia'sthcHiii  in  these  cast's  is  so  deep  that  hard  piticht'S 
'•r  deep  pricks  of  tlic  skin  on  the  affected  side  may  he  pra<'- 
ticaily  uiifelt  ;  and  I  liave  known  one  such  case,  due  to  a 
thr<»ml»osis  in  the  dorsal  region  of  the  jtoiis.  in  which  the 
motor  distnrliaiice  was  transient  «»nly  and  com])h'tely  re- 
Cf>vered  from,  hut  the  hemianasthesia  was  so  (h-ep 
and  permanent  that  wlien  the  man  was  lyiny  in  hed  u])on 
tlie  affected  side  lie  was  unahle  to  feel  the  In'd,  and  said 
that  it  felt  t<t  him  as  if  he  were  suspended  in  the  air  with 
the  liedclothes  hun<i  over  him.  Anasthesia  c)f  so  ]irofojind 
a  dejiree  as  this  may  l>e  im])roved  l»y  usinj:  the  wire  Imish 
electrode,  the  skin  iM'iiifr  previously  wetted,  and  the  hnish 
dahlied  iijxin  the  skin,  not  stroked  ahuifr  it. 

Thoufzh  faradism  used  in  this  way  is  occasionally  very 
useful  in  the  improvement  of  the  ana-sthesia  and  the  motor 
weakness  in  cases  of  ])artial  ])aralysis  down  one  sidi',  it  is 
of  no  benefit  in  (»ld  standing  cases  in  which  the  late  rigidity 
that  is  associated  with  sclerosis  of  the  motor  fihres  in  the 
pyramidal  tracts  has  set  in.  Much  the  same  applies  to  other 
8]>astic  conditions,  as  disseminated  sclerosis,  ataxic  para- 
plejiia.  comhined  sclerosis,  lateral  sclerosis,  and  myi'litis. 
When  spasticity  is  well-marked,  the  lin.  )S  l)ein^  rif^id  in 
adductor  and  extensor  spasm,  with  knee  and  ankle  clonus 
and  I'xtensor  plantar  reflex  ])resent,  then  faradism  is  con- 
tra-indicated in  the  treatment. 


niSSEMINATKl)    St'I.EUO.SIS 

In  the  early  stages  of  the  disease  faradism  may  he  of 
the  preat^'st  service  in  aiding  the  disa])])earance  of  the 
paralysis.  In  this  curious  disease  the  mode  of  onset  is 
often  ]>ractically  sudden,  or  very  acute,  with  considerable 
loss  of  power  in  one  or  both  legs,  as  a  rule.  Sometimes  the 
motor  weakness  is  hemiplegic  in  distribution,  or  ocular 
paralyses,  causing  diplopia,  may  l)e  the  first  symptom,  or 
sudden  partial  blindness  in  one  eye,  or  aphonia,  or  sphincter 
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troul.lc.  Owiuji  to  this  multiplicity  of  mfKb-rt  of  onw^t  of 
th.'  discus.',  and  tlic  fact  that  it  usually  attacks  younu 
fcrualcH  uiKh'f  the  aye  of  thirty,  a  (lia^Tumis  of  hyst^-ria  is 
not  uuconitiioiily  made  instead  of  or>,'anic  ilisease  of  the 
central  nervous  system.  Some,  indeed  a  con.si«li'ral»!e 
numlier,  of  cas"s  of  dissemii.ated  sclerosis  rcseinhle  hvster- 
iciil  paralysis  still  more,  owin^  to  the  variability  in  the 
})roj.;re.ss  of  the  symptoms,  which  oft4'n  imjjrove  to  a  con- 
siderahle  extent -imh'cd,  almost  as  far  as  actuftl  n-covery. 
If  11  diagnosis  of  hysteria  has  lieen  pn'viously  made,  it  will 
iip|M'ar  to  he  consi(h'ral)ly  strengthened  l.y  the  more  or  less 
rapid  recovery  which  then  ensues.  This  tyjx'  of  dis- 
s-'minatvd  s-lerosis  always  relapses,  how^'ver,  .sooner  (»r 
later,  and  recovery  is  never  (piit*'  {x-rfect ;  that  is  to  say, 
the  patient  is  always  left  a  little  weaker  after  each  rela])se, 
never  quit-  reaching  tho  previous  state  of  health.  Other 
cas  -s  of  the  dis-'asc  develop  slowly  and  steadily,  and  these 
are  more  likely  to  exhibit  the  classical  symptoms  of  in- 
coordination of  the  arms,  with  the  characteristic  intention 
tremors,  scanning  s|)<'ech,  and  nystagmus. 

The  cases  that  are  difficult  to  recognise  as  disseminated 
sclerosis  are  those  of  the  so-called  paraplegic  ty{X',  in  which 
there  has  In-en  more  or  less  rapid  loss  of  power  in  the  legs, 
with  sphincter  trouble,  increased  deep  reflexes,  and  extensor 
plantar  reflex,  but  without  the  intention  tremors,  nystag- 
mus, and  syllal)ic  utterance.  Disseminated  sclerosis  is 
essentially  a  cerebro-spinal  disease,  and  in  this  latter  type 
the  spinal  symptoms  are  in  evidence,  but  the  cerebral  and 
bulbar  signs  are  in  abeyance.  Often  it  is  imposssible  to  l>e 
certain  of  the  diagnosis,  but  a  chronic  paraplegia  in  a  young 
won)an,  with  little  or  no  ana-sthesia,  but  with  increased 
deep  reflexes,  extensor  plai»tar  reflex,  and  sphincter  involve- 
ment, will  always  l)e  very  suggestive  of  disseminated 
sclerosis,  and  the  diagnosis  will  become  almost  certain  if, 
in  addition,  there  are  any  signs  of  cerebral  or  bulbar  m- 
volvement  such  as  incoordination  of  the  arms,  tremor  of 
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the  ln'iid  on  rtittiiij;  iip,   Htiiccato   hjm'ccIi.    nystjiytmw,  «li- 
j»lo|»iii.  «»r  iij>fic  iitmpliy. 

It  is  in  the  rflii|»sinf^  typi*  of  ilisHfiniimtrd  (»r  itiHuIur 
srliTnsirt  that  ricctriciil  tn-atmcnt  is  oftni  of  (•oiisi(l<'ral)l«' 
HiTvicc.  Miiiyof  tli»'rt<'  patients  arc  of  iicurotii'  <lis])((sition, 
and  a  nuKlilicd  form  of  Wt-ir-Mitchrll  tn-atnu-nt  will  oftvn 
Huccccd  Ix'st.  Massap',  faradisni,  with  ^kkI  ffcdinfi,  plenty 
of  milk,  and  rest  in  In-d  for  three  or  four  weeks,  will  Ikj 
the  liest  lines  to  pr.ii-'i-d  iip»n  ;  and  though  it  is  undoubtedly 
true  that  in  a  niirnlK-r  of  cases  little  or  no  Iwuelit  may 
ensue,  yet,  at  any  rati-,  the  treatment  cannot  do  any  harm, 
and  may  (K-casionally  U;  followed  liy  an  immense  amount 
of  improvement.  The  faradism  should  Ik*  a]>}>lied  by  the 
roller  electrode,  with  the  indifferent  electrode  applied  as  a, 
lar^e  pad  over  the  cervical  spine.  Xo  strong  measures 
should  l)c  ado))tvd  in  the  shape  of  j)owerful  currents,  as 
nuiy  occasionally  he  done  with  advantage  in  hystt-ria,  the 
current  employed  being  of  only  suflicient  strength  to  cause 
weak  contractions  of  the  musch-s.  This  should  be  given 
dailv   before  the  ma.ssage  treatment,   for  twenty  minutes. 


TAHES   DOHSALIS 

In  tabes  dorsalis,  again,  faradic  treatment  will  some- 
times assist  in  diminishing  the  anaesthesia  and  .sensation  of 
numbness  in  the  legs,  and  the  ataxy  may  be  also  at  the 
sune  time  correspondingly  benelited.  Very  occasionally 
a  con8ideral)le  functional  element  may  be  superadded  to 
the  organic  disease  present,  and  I  have  seen  a  man  suffer- 
ing  from  well-marked  tabes,  with  j)artial  optic  atrophy, 
who  walked  with  typical  hysterical  shulHing  of  the 
feet,  and  whose  skin  was  almost  completely  analgesic, 
and  the  visual  fields  extremely  contracted.  Energetic 
trratmeiit  with  faradism  in  his  case  with  the  wire  brush 
soon  di.ssipated  the  greater  ])art  of  the  anaesthesia  and 
analgesia,  whil.st  hi.s  gait  and  vision  improved  very  much. 
Not  much  is  to   be   h«»ped   for,   however,   from  electrical 
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trnifniriit  in  tlw  |,ir^,.  mujorify  <  f  (m,h,..s  „f  tahrM,  »ih1  fh.- 
ataxy    is    much    ln'ttcr    tn-atcd    with    n-.><lu(atiur>    of    tho 
movrriifjits  l.y  m.-anH  (.f  n'j^ulur  .'XiTriHi.H  on  ,s|MHially  <l.- 
visfd  iri.stniiii.'iits.  surh  as  Fii.|ik.'l's  st.'ps.     Thr  liu-htnirin 
pains  ar.'  not,  in  my  <-x|..Ti.'n(  .•.  lM-n«'fit.'«l  at  all  l.y  faradism, 
or.  indeed,  l.y  any  <.tli.'r  form  of  .•Icctrical  tr.-atm.-nt.    This 
IS.  p.-rhai>s,  the  mo.st  dilU-ult  of  all  tho  symptoms  <.f  talMH 
to  n-lirv.'.     [  have  once  situ  the  pains  practically  cur.'<l 
hy  u  course  of  heat  haths,  and  in  two  or  three  instances  I 
have   seen   tlie   pains   diminish    very   much,   at    the   same 
time  Hs  marked  improvement  took  plaic  in  the  ataxv  and 
other  .symptoms  of  the  disease,  while  the  patient  was  hein^ 
enerp'tically  treated  l.y  mercury.     In  early  ca.ses.  especi- 
ally  if    the    .symjitoms    have   developed   at   all    acutely,    I 
generally  treat   with  inunction  of  the  oleate  of  mercury, 
10  per  cent.,  made  up  with  lanolin,  and  at  the  .same  time 
give  the  l.iniodide  of  m.-rcury  hy  the  mouth.     If  atten- 
tion is  paid  to  the  ^um.s  and  teeth,  it  is  remarkahle  how 
long  the  majority  of  the  patients  can  continue  this  treat- 
ment without  showing  any  signs  of  mercurialism. 

GHAVKS.S    DISKASK 

This  disease,  also  known  as  Ba.sed«>w'8  di.sease  in 
Germany,  and  as  exophthalmic  goitre,  has  nearlv  always 
a  moderate  enlargement  of  the  thyroid  gland  as  one  f.f  the 
prominent  symptoms.  This  goitre  differs  from  the  ordinary 
form  of  hronchocele  in  that  the  gland  is  in  an  active  rather 
than  passive  state,  and  its  cell  protoplasm  stains  l.rightly, 
with  numerous  granules,  indicating  a  state  of  active 
functioning  of  the  glandular  elements.  The  thvroid, 
moreover,  is  flushed  with  hlood,  with  all  its  arteries  dilated] 
so  that  on  auscultation  over  the  swelling  a  systolic  bruit 
can  Ije  nearly  always  heard.  Although  Uraves's  disease  is 
largely  a  neurosis,  yet  many  of  its  symptoms  suggest  an 
absorption  of  an  excessive  amount  of  thyroid  secretion, 
and  for  this  reason  many  forms  of  treatment,  Ijesides  ex- 
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tiNK'li  ol  a  |)oitiiiii  <>l  Ih.'  >.'liil..l.  Iiav.'  Im.ii  .lir.ttrd  to- 
wards (liniitiiHlijii;;  fhi'  a.tivity  of  tli.-  ulah.l.  (Mi.-  «.f 
fli<s.-  inrads  is  fli..  applit  atiMii  nf  faradiHrn  to  th.-  p.itn-. 
ft  is  iM.sf  iloiK-  liy  iisiri^'  ii  small  Mat  i-hdroilv  fastrm-d 
ill  iMi.sition  on  fh..  hack  of  tli.-  n.'.k,  aixl  a  rir.ular  f»a«l 
clt'ctl-odr  to  Ik-  moved  slo.vly  over  tin-  siirfacr  of  the 
swrlliii^f.  This  shoiilil  l.r  a|.;ili.'.|  for  tvvftity  mimit.-s  daih, 
and  till-  patirnt  can  usually  hr  taui-ht  to  do  it  for  li.TH.'if. 
ft  is  a  Kood  |>iaii  in  all  ras.s  of  <'\o|i|itlialmir  ^'oitr.'  in 
wliirli  III.-  Hyni|»t<.ms  an-  at  all  inarkrd  to  iiinist  on  an 
hour's  rrsf  in  a  n-cumlM-nt  postur.-  iM-fon-  lum  h,  and  thi- 
faradi.'   tr.'atm.-nt   can    I..-  advaiitap-ously  applii-d  at    that 

•  imi'.  It  should  Im'  p.-rsistrd  in  for  several  weeks,  and  it 
is  som 'times  folh.wed  l.y  consideral.le  improvement.  The 
effect  of  the  faradic  current  upon  the  ^daiid  appears  to  In- 
to cause  vascular  constriction,  and  therefore  shrinking  of 
the  goitre,  and  at  th.-  same  time  the  ta.hycardia  and  ner- 
vousn.-ss  may  improv..  and  the  patier.i  f.-el  p-nerallv 
l»»'tter.  ft  is  nec..ss;iry  t.»  rem.'mher  the  imjH.rtance  (»f 
rest  in  the  treatment  of  this  st.mewhat  sruhhorn  disease,  as 
unless  th.-  pati.-nt's  daily  lif..  |,e  .so  arranp'd  as  to  avoid 
all  i»hysical  hurry  and  mental  \v<.rry,  no  mediciiuil  or  (.tlier 
means  of  tr.-atment  will  Im>  of  the  slij;htest  iM-nefit.  Strict 
rules  must  hv  laid  down  for  the  patient's  fiuidaiice,  es|)eci- 
ally  as  t«.  th.'  amount  of  exercise  allowed,  which  should  Ik; 
tittle,  and  taken  at  a  slow  pace.  (See  also  Chapter  VII., 
p.  liao.) 

LRIK.KMIA 

T-euc..cytha'mia  may  1..'  similarly  treated  hy  th.'  apj.lica- 

♦  ion  ..f  fanidism  over  the  eiilarK<'d  spleen  daily  for  a  period 
of  .s.'v.'r.il  w.'.'ks.  A  Hat  electmdc  should  be  applied  by 
el(.se  pressure  .»ver  the  posterior  pole  of  the  spleen,  and 
a  smaller  flit  .'lectrode  pressed  over  the  anterior  portion. 
Vm\g  a  weak  current  that  will  just  cans.-  sliulit  cmtraction.s 
of  the  muscles  of  the  thenar  enuueuce,  and  letting  it  run 
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tliiiH  for  al.wiit  tw.-iify  minut.-s  diilv.  niiiy  I..-  fMllow,<l  l.y 
imrn.-ns'  iiii|.r«.vrm,.|it.  Fn  a  n. ,  iii  i  ,ih  ■  in  whi.li  F  uh.mI 
this  inctliMil  th..  riinnlHT..f  wliitf  c'IIh  [mt  .uhir  inillmi.-tr.- 

of    IdniKl    fell    ill    f..||r   Wfcks  ftulil    over   :.'tNI,IHH>   to    less  tl..»n 

HMNH),  „r  th.- lu.rriiMl  arnuiitit.  Ft  is  triK'  (liil  tli.-  patifiit 
was  at  the  situr  tiijif  takiiii;  lU'Ml.-rMt-ly  lary."  dds-s  of 
li«|unr  ars-iiiralis,  l.iif  sirii.'  tliis  dnii:  trt'iitnifiit  hail  l.r..|i 
prrviously  adininist.Tfd  fors-v.-ral  w.-i-ks  without  mm  h  irn- 
pn.vi'm.-nt  it  .  rrtairily  s-cins  fair  to  as  ril..'  soiiu'  at  h'a.st 
of  thr  siil.siM|ii.'(it  rapid  <lisapp.-araii.r  <.f  thi-  l.'Ur<Mvtosis 
t(»  thi'  athlitiotial  ficctrital  trfattm-nt.  (.S»r  pp.  S.i 
iiiul  •>F<i.) 


UKADACHK 

WIh'Ii  it  is  of  the  lU'uraluic  typi-,  am!  duf  to  <'Xrit.'m»-iit 
f.r  (.tJuT  form  of  mrvou.s  overstrain,  headathc  may  orra- 
sioimlly  Im>  ndirvrd  liki-  ma>,'ic  liy  th.-  iis"  of  faradism.  Ft 
is  csfM'cially  wh.-ri  the  pain  is  frontal  that  this  form  of 
treatment  is  (•apal)Ie  of  ^iviny  relief,  thoiiu'h  if  the  h<-ada(he 
is  of  the  throl.l.inj,'  variety  and  made  miu  h  worse  hy  slijjht 
Htoopiny,  faradism  is  contra-indicated.  Uhen  the  pain 
is  dull  and  achinfi  acro.ss  the  forehead,  such  as  may  result 
from  straining  the  eyes  and  the  attention  at  a  picture  pil- 
lery,  the  treatment  is  best  applied  hy  two  soft  circular 
pad  electrodes  placed  one  on  each  temph',  thouj^h  in  .s<»me 
cases  it  answers  better  to  place  one  electrode  at  the  root 
of  the  nose  and  the  other  at  the  back  of  the  head  below  the 
oc'cipital  protuberance.  The  patient  should  alwavs  be 
either  lyinj,'  on  a  couch  «  r  sitting  back  in  a  comfcutable 
chair  when  the  treatment  is  hviun  applied,  with  the  head 
slijihtly  thrown  back.  Five  minut.'s  only  of  the  treat- 
ment should  l)e  given  at  a  time,  but  it  may  be  repeat^-d 
after  an  interval  of  ten  minutes,  if  necessarv. 

Another  form  of  functional  headache  which  niav  Ix; 
relieved  by  faradism  is  the  h«-uraslheriic  tv|)e.  fn  this 
variety,  the  pain  is  frequently  a  dull  weight  on  the  top  <.f 
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the  he  1(1,  or  the  tnp  of  the  head  may  seem  to  lie  liftirij^  t)ff 
as  thou^'li  the  lirad  wen'  Iturstiiiy.     Or  tlii'  jtaiii  niav  re- 
si'iulilc   the  .viisitior)  of  a   iii<il   Itcin^  haniriicrcd  into  tho 
to|)  of  the   head   (tlic  so-call.'d   "  rhivijs  hystericus").     A 
(ypical   itistaruc  of   this  form  of  hcaihichc  occurred   in  u 
haker,  cef.   forty-two.  who  was  sent  up  from  the  countrv 
on  i.ccount  of  the  constant  pain,  and  sensations  of  nervous- 
iH'ss  and  inaliility  to  w(»rk.     He  slept  heavily,  as  is  com- 
mon in   these  cases,  yet  felt  no  hetter  and  unrefreshed  in 
the  morniti}.'.     He  (•(•mplained  of  a,  constant  sensation  at 
the  top  of  the  head  as  thoujrh  it  "were  all  alive,"  and  as 
thoufih  his  head  were  yoinj;  to  liurst.     As  ho  had  been  in 
this  condition  for  twelve  months  he  was  hecominfi  alarmed 
about    hims"lf.     CVfiss-questioninj,'   elicited    the    fact    that 
about  a  month  before  his  sym])toms  coi*^   -enced  he  h)8t  a 
favourite  dau^liter   from  diphth(>ria,  and  the  mere  refer- 
ence to  the  subject  was  sufUcient  to  make  him  partially 
lose  control  over  his  emotions.     t{e  was  evidently  run  down 
an<l  in   a  nervous  state,   the  tonjiue  sli^iitly  furred,  and 
i)owels  c<»nstipa.ted.     Faradism  was  applied  by  means  of 
two  circular  pad  eiectrotU's,  one  to  the  l»ack  of  the  neck 
and   the    other  over   the    vertex,   a  gentle   current   being 
gradually  turned  on  and  increased  to  the  point  when  it 
began  to  be  strongly  felt,  but  not  painful.     Stroking  the 
electrode   over  tlu'    vertex,   the   suggestion  was  then  put 
strongly  befon-  the  man  that  he  was  now  going  to  get  l)etter, 
and  that  he  would  soon  l)e  cured  ;   tliat  he  would  wake  up 
refreshed,   i)right,   and  happy  in  the   morning ;    that  his 
nervousness  and  headache  would  disappear  ;    and  that  he 
would  soon  be  able  to  return  to  work.     These  suggestions 
were  constantly  rej)eated  to  the  patient  while  the  faradism 
w.is  being  applied,  care  being  taken  that  the  man's  atten- 
tion was  not  distracted  by  anything  else,  and  he  was  told 
to  give  his  whole  attention  to  all  that  was  being  said  to 
him  and  done  for  him. 

Faradism  was   thus  used   merely  as  a  moaiia   to  the 
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trcatnu'iit  hy  sufr^'<..stir,n,  aud  thouf^h  no  hv])t)otic  stato 
was  proiluccd,  yvt  tli..  cnstant  rciti-ration  of  the  sujrn..stion 
that  h.'  was  now  finiun  to  pet  f)ott«'r  so  influ.Murd  his  sub- 
liminal consdousness  that  th.-  nu.rl.id  sensations  from 
which  h.>  had  suflfcred  for  so  many  months  soon  disai)i«.ar..(l 
and  he  recovvred  perh-.-tly  and  r.-turned  to  his  work.  This 
element  of  treatment  hy  sufi«<'.stion  is  a  most  important 
one  in  the  treatment  of  all  functional  or  neurasthenic 
symptoms,  and  the  faradie  Lattery,  with  its  strange  noise, 
and  unknown  powers,  may  thus  he  used  as  an  important 
adjuvant  in  i)roducinf.'  the  receptive  stat..  of  mind  in  the 
patient  necessary  for  the  implantation  of  sufrgestions  as  to 
his  speedy  recovery. 

DILATED   STOMAf}! 

In  the  atonic   form  of  gastrectasis   faradic  treatment 
may  be  of  very  consideraI)le  service,  but  Ix-fore  decidinR 
upon  the  use  of  faradism  in  a  case  of  dilated  stomach  it  is 
important  to  exclude  the  exist^^nce  of  anv  obstruction  at 
the  pylorus  or  in  the  first  part  of  the  duodenum  as  the  cause 
of  the  dilatation.     Obstructive  dilatation  of  the  stomach 
18  most  commonly  due  to  one  of  two  causes  :   (1)  cicatricial 
contraction  of  the  pyloric  end  of  the  stomach  from  jK^ptic 
ulceration,  and  (2)  carcinoma  of  the  pvlorus.     Less  com- 
mon causes  of  obstruction  will  be  stricture  of  the  pvlorus 
or  first  part  of  the  duodenum  from  adhesions  around  the 
liver  or  gall  bladder  or  from  other  causes  of  local  peritonitis, 
and  kinking  of  the  pylorus  from  a  short^-ned  lesser  omen- 
tum holding  it  uj)  against  the  liver.     Usually  it  will  not 
be  difficult  to  distinguish  between  obstnictive  and  at<.nic 
dilatation  of  the  organ  by  the  presence  of  visible  peristalsis 
in  the  former,  appearing  as  a  slow  wave  of  contraction 
passing  from  left  to  right.     If  this  symptom  can  Ik>  made 
out  definitely,   it  is  decisive   evidence  in   favour  of  the 
diagnosis  of  obstruction.     The  presence  n  the  region  of  the 
pylorus  of  a  tumour  which  can  be  felt  by  palpation  must 
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iiof  l.y  any  mciiiis  hr  (ak.-n  us  jxtsitiw  rvid.'iin'  of  rnalifj- 
ii.iiit  .lis.-as...  fn  y,,unii  infants  pyloric  r.l.stnirtioM  may  Iw 
du.'  to  a  ((.tijr.Tiital  thickcninjr  ami  hyjMTtn.pliy  of  the  walis 
"f  the  |)yloiiis.  which  may  h(>  f.-lt  as  a  tumr.iir  Lctwccri  th<> 
iiav..|  aiMl  .■].i;^'astriiitn.  and  in  adults  who  have  sufT.'ivd  from 
I»i'j»lic  nIc.Tation  of  tlic  pyloric  end  of  the  stomach  or  first 
].art  of  th.'  diiodcninn.  a  tumour,  due  to  inflammatory 
thick-.-ninu  of  the  walls  of  the  pyh.rus  and  local  peritonejl 
adhesif.ns,  may  |.rccis-ly  simulate  a  mali<rtiant  growth  in  the 
pylorus,  not  oidy  when  pal))ated  throu<.di  th..  ahdominal 
wall.   Iiut  even  when  e.\p..sed  to  view  at  a.  la]>ar..tomv. 

Another  useful  m.-ans  of  diaf.'nosis  in  cases  of  dilatation 
of  the  stomach  is  l.y  chemical  examination  (.f  the  <rastric 
contents.  In  cases  of  pistric  carcinoma  there  is  almost 
always  complete  alisence  of  free  hydrochloric  acid  in  the 
vomit  or  in  the  j.roducts  of  jrastric  di;;estion  witlidrawn 
l.y  the  stomach  tube  after  th.^  administrati(.n  (.f  a  test  meal, 
fn  cases  of  pepfie  uher.  on  the  other  hand,  there  is.  in  the 
lar^'e  ma,j<.rity  of  cas.'s.  excessive  secretit.n  (.f  hydroclih.ric 
acid,  or  hyperchh.rhydria.  whicli  can  <'asily  he  recoi;nised 
l»y  testinti  the  stomach  contents  l.y  (Junsherjr's  reaf^ent.  or 
l>y  the  dimethylatnidoazo-l>enz<'ne  test.  There  will  also, 
very  often,  he  a  history  of  jirolon^r,.,!  dys|)e])sia.  jm.l)- 
ahly  for  some  years  :  while  in  the  cast'  of  malifZJiant  disease 
we  have  usually  to  deal  with  a  })rimary  dysj.epsia  of  not 
nu.re  tlian  a  few  months'  duration  (.ccurring  in  a  patient 
at  (.r  i)ast  jniddle  life,  who  has  not  previously  suffered  from 
indijiestion.  UiKh.ul.tedly,  however,  a  cert;iin  numher  ..f 
jl.istric  cancers  start  in  the  scar  of  an  old  ulcer. 

(rastrectasis  due  to  atony  of  the  muscular  walls  of  the 
stonuich  occurs  as  tlu-  result  of  chronic  j;astritis.  lonu-con- 
tinued  faulty  feedin<:.  <.r  as  the  secondary  result  of  chronic 
dehilitatinj.'  disease,  as  aiuemia.  Brijrht's  disease,  or  tuher- 
eulosis.  In  this  atonic  form  of  dilatation  of  the  stomach 
the  jiaiiliic  contents  usually  ci.iitain  either  no  free  hydro- 
chloric ucid.  or  else  u  much  suiaiier  jn'rcentage  than  the 
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normul  -22  por  c'nt.  It  is,  tluTcfcro,  ol.vioiis  that  ai.arnc.' 
of  hvo  Imlnxliloric  acid  will  not  «lri-id.'  iH'tw.'cn  atonic 
(lilutatioi.  and  carcinon)a,  hut  the  diapnnsis  must  he  made 
aft<>r  taking'  many  oth.-r  jx.ints  into  consideration,  and 
csiM-cially  the  presence  or  ahsence  of  jrastric  jxTistalsis. 
Kven  this  latter  symptom  may  h'e  hitent  for  a  time  in  cas.'s 
(.f  marked  pyloric  ohstruction.  and  I  haw  kn<.\vn  a  case 
of  pyloric  carcinoma  causing  dilatation  of  th.-  stomach  to 
1m'  uiuh'r  ohservarion  in  hospital  for  a  week  hefore  j,eri- 
«talsis  was  ..hserved.  altlu.ufrh  it  was  constantlv  looked 
for. 

As  I  have  said,  it  is  in  the  atonic  form  of  {.-astrectasis 
tliat  faradism  may  he  of  frfeut  help  in  the  treatment.  If 
must,  howev.-r,  he  aj>plied  l,y  m.-ans  of  an  intraf.'astric 
olectroih.  to  the  interior  of  the  stomach  in  or<h-r  t<.  make 
sure  of  the  faradi(;  current  stimulating  th.'  muscular  coats. 
If  It  IS  attempted  to  treat  the  muscular  walls  of  the  stonuich 
by  moans  of  two  electroch^s  on  the  surface  of  the  skin,  even 
if  one  is  applied  in  front  over  the  stomach  and  the  other 
to  the  l)ack  of  the  chest,  no  f,'ood  effects  will  l)e  produced, 
as  the  current  becomes  diffused  in  the  ainb-minal  walls 
and  other  tissues,  causing  strong  contractions  in  the  ab- 
dominal muscles,  jK'rhaps,  but  none  in  the  muscular  walls 
of  the  stomach  itself  One  of  the  electnxles  must  })e  passed 
down  the  (I'sophagus  into  the  stomach,  while  the  other  is 
ai)plied  to  the  skin  of  the  alnlomen  over  the  front  of  the 
stomach. 

The  intragastric  electrode  is  made  of  a  stiil  win'  core 
about  18  inches  h)ng,  ending  in  a  small  gnij)e-shaped  knob. 
From  the  knob  to  its  uj.per  end  the  wire  core  is  covere.l 
with  some  smooth  in.sulating  material,  such  as  a  rubber 
tube  drawji  tightly  ovr  it.  To  fhe  other  .muI  of  the  wir.> 
n.re  is  fixed  a  binding  screw,  to  which  ihe  wire  from  the 
battery  is  attached.  If  this  special  form  of  intragastric 
electrode  is  not  obtainable,  a  very  serviet-ahle  r.ne  can  Ik^ 
improvised    with    the    assistance    of   an    ordinary    rubber 
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Ht<.inu(h  tul«',  such  as  is  used  for  wa.shiny  <.iit  the  stomach, 
and  a  L'-ft.  length  of  irisulatM  ooj)por  wire. 

After    lul)ri(atin«    the    stomach    tulx-    witli    Imttcr   or 
with    <;lyccriiu',    the    patient    in    placed    in    a    ccmifortahh^ 
})ositi<.n  (m  a  couch  and  jiiven  a  drink  of  half  a  pint  of 
water  or  (.ther  h<jiiid.  and  then  the  tiihe  is  passed  into  the 
st<.mach.     Next    the    insulated    c.pper   wire    is    luliricated 
and  pushed  (h,wn  inside  the  stomach  tuhe  till  a  lenfith  of 
ahout    J<;  inches  l.evond  the  teeth  has  heen  passed.     The 
lower  inch  of  the  insulating  covering  of  the  copper  wire 
should  have  heen  previously  removed,  so  as  to  expose  the 
metallic  cor.',  which  should  he  hent  round  to  form  an  oval 
loop,    hut   not   t<.o   hroad   to   i)ass  easily  into   the   rul)l)er 
stomach  tuhe.     The  other  end  of  the  copj)er  wire  project- 
ing  from    the  end  of  the  stomach   ful»e   heyond   the   teeth 
can  then  he  attached  hy  a  moval)le  hindin^  screw  to  one 
of  the  wires  from  the  l)attery,  while  the  j.ther  wire  from  the 
hattery  is  attached  to  a  moist  pad  electrode  applied  to  the 
skin    over    the    front    of    th<'    stomach.     The    current   em- 
ployed should  he  just  suHiciently  stronji  to  provoke  visihle 
contractions  of  the  ahdominal   muscles,  and  it  should   he 
allowed    to   run    h.r  ahout    ten    minutes.     This    treatment 
should  he  repeated  every  other  day  for  three  weeks  or  a 
month.     A  current  which  is  just  strori}.'  enough  to  provoke 
contractions   of    th(>    ahdominal    musck-s    will    he    scarcelv 
felt  in  the  stomtich,  especially  after   it    has  heen  runninp 
for  a   few   minutes.     The  current  passes  hetween  the  two 
electrodes  from  the  hare    cf.pper    terminal  at  the   hottom 
of    the    stomach    tuhe    into    the    li(piid     contents    of    the 
stomach,  and  so  to  the  stomach  walls  on  its  way  to  the 
surface   electrode,    thus  directly   s^imulatinj;   the   muscular 
walls  of  the  stomach.     It  is  in  onh-r  to  ensure  the  copper 
terminal  in  the  stomach  tulu'  heiiifr  in  contact  with  liquid 
in  the    stomach    that    the    patient    is  made  to  drink   just 
hefore   the   passajr,.   ..f    the    tul)e.     I  prefer  this  method  of 
ai.plyii.g  intragastric    faradism   because  it   is    possible   to 
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wash  out  the  stomach  first  before  })a88ing  the  copper  wire 
down  to  the  stomach  inside  the  rubber  tul)e  ;  and  I  think 
it  is  usually  advisable  thus  to  wash  out  the  stomach  pre- 
viously. 

In  practice  I  generally  use  combined  faradism  and  gal- 
vanism (see  pp.  m  and  1 :.'?),  and  it  is  th.-n  easv  to 
tell  if  the  intragastric  electrode  is  properlv  in  jiosition  by 
turning  on  a  few  cells  of  the  galvanism"  and  noticing  if 
the  galvanometer  indicates  any  current.  If  the  needle 
does  not  move,  then  (supposing  all  the  other  attachments 
are  in  good  working  order)  it  must  mean  that  the  stomach 
el(.ctrode  does  not  make  contact  with  the  stomach  con- 
tents, and  the  copper  wire  must  be  pushed  in  slightly  and. 
if  necessary,  a  little  water  must  Im-  slowly  poured  through 
a  funnel  into  the  nibber  stomach  tube. 

The  effect  of  the  treatment  is  to  cause  immediately 
afterwards  a  sensation  of  warmth  and  well-being  in  the 
epigastrium,  and  in  many  cases  gastric  digestion  is  im- 
proved, as  evidenced  by  the  return  of  hydrochloric  acid 
in  the  gastric  juice  when  previously  it  has  Iwen  absent. 
At  the  same  time,  otlier  evidences  of  dilated  stomach-  the 
splashing  sounds  of  succussion  and  vomiting- will  also 
diminish  ;  while  the  skin  will  become  clearer,  the  patient 
will  complain  less  of  eructation,  iiausea,  and  insomnia,  and 
will  put  on  weight. 

viscERorrosis 

Sometimes  the  stomach  becomes  dilat<>d  through  atony 
of  Its  muscular  walls,  and  at  the  same  time  displaced  down- 
wards to  the  level  of  the  navel  or  lower.  This  condition 
IS  called  gastroptosis,  and  is  often  u  part  onlv  of  a  more 
general  dro,)ping  of  the  viscera  and  intestines  through 
atony  and  lengthening  of  their  suspensory  ligaments.  The 
more  comprehensive  name  for  this  condition  is  "  enterop- 
tosis."  or  "  vi«.eroptosis,''  in  which  not  onlv  the  sloumch, 
but  the  liver,  intestines,  spleen,  and  kidneys  all  share  in 
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the  ;r<'rnTiil  ili,s|>lii(('n»<'nt  «lo\vn\Viir(ls.  It  is  u.suallv  met 
with  in  w».Micn  after  thirty  or  forty,  whose  al.(lominai  walla 
arc  slack  and  whos»'  muscular  tissue  ^'cncrally  is  ih'fuiciit  ; 
whose  lives  are  almost  entirely  sedentary  ;  and  who  have 
always  sufTered  from  chronic  constipation. 

In  the  treatment  of  this  condition  the  aim  must  l)e  to 
incri'ase   the   tone  and   vijrour,    not   only  of  the   muscuhir 
walls  of  the  st«imii<'h  its<'lf.  hut  also  of  the  intestines  and 
of   the   alHh)minal    walls,    at    the    same    time    hracin*;    the 
syst«'m  t/enerally   l.y  (h)uche   haths.   mas.Ha}:e,  and  strych- 
nine.    Karadism    may   he   of  tlie   greatest  .service,   and   it 
IS  Itest  ai)|»lied  liy  usinj;  otic  intragastric  electrode  accord- 
ing t(»  the  method  alrea<ly  (hvscrihed  ;    while  the  other  wire 
from  the  l»att<'ry  is  attached  to  a  roller  electrode,  which 
is  l.cst  apjilied  over  the  course  (»f  the  colon,  .startinir  in  the 
rij.'ht  jiroin  ov<'r  the  ascendinfr  colon,  passed  Uj)wards  to- 
wards the  liver,  then  across  the  alidomcn  and  downwards 
over  the  descending;  colon.     This  treatment  should  he  given 
for  al)out  ten  minutes,  and  is  then  hest  followed  hy  another 
ten    minutes*    treatment    of   the   intestines.     The   stomach 
tuhe  and  intrapistric  electrode  are  withdrawn,  and  after 
two  or  three  minut<'s  for  the  patient  to  recover  from  the 
unplea.sant    nausea    thus    pnjduced,    the    wire  is    attached 
to  a  rectal  electnxh'  and  the  treatment  then  given  as  for 
consti])ation  in  the  following  section. 

Another  usi'ful  way  of  treating  this  condition  of  gastrop- 
tosis  with  con.stipation  and  atony  of  the  abdominal  muscles 
is  l>y  means  of  the  three-])hase  sinusoidal  current,  one  wire 
tieing  attached  to  the  intragastric;  electrode,  another  to  a 
rectal  electrode,  and  a  third  to  a  flat,  moist  pad  or  roller 
electrode  on  the  skin  of  the  ahdonien.  (See  Chap.  XI., 
p.  2yD.) 
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CONSTirATION 

One  of  the  most  succes.sful  applications  of  the  faradic 
rent  IS  in  the  treatment  of  chronic  constipation,  u  form 


COX.STII'ATIOX 

Of  tr...rnH.,M  whi.-J.  has  „ot  r..,...iv..l  fr„m  tlu-  n...,li,.al 
I.r..f..ssH.n  th.  atn-ntion  that  it  .l..,s,.rv..s.  (M.stinat.  rou- 
•stipafon  ,.s  so  fr...,u,.ntly  .n.-t  with  in  y..un,.  wonu-n.  .1...  t. 
•  H-n  „.„sndar  pcvvor  .,f  th,.  i,.t,.sti„al  walls,  ori^inat^.l 
"ft<n     tUnmish    ana-nna,    a    s-dontarr    mndo    .>f    |,f,.     ..r 

alK.    tf.o.j:h    far  Lss   fn.,,„..ntly.   a  sinnlar    irn.^n.Iar  an.l 

-nst.pjuM    n.l>itofh...His„.twhhin„u.n/wh..h 
.suf!,.n..I   n.Mth..r   fn.m    aruomia    ncr  oth.r  ,l..|.litatinp  i||- 
-s,  and  who  h.aa  a.-tiv.  liv...     Many  pernons  suff.r  from 
U.S  s>-,M,,tom  only  on  ..rtain  ,li,.t.  ...sp^nally  milk  foo.ls. 
or  ,f  tlu.y  Ko  to  r.«Hl,.  in  a  distnVt  wh.r,.  th.  wat.-r  ow,  s 
s  hardness  to  an   .x.-.-ssiv.  amount  of  .lissolv..!  .-halk 
Othor  rases,  a«a>n.  ha  v.  .l.-vdo,..,!  constipation  onlv  after 
some  Illness,  such  as  «astric  uleer.  «all-stones,  perleolitis 
Utenno  or  ovarian  disease,   in   which   the   occ-urrenee  of  a 
localised  peritonitis  has  l.een  followed  hv  aclhesions  that  have 
permanently  crippled  the  peristaltic  action  of  the  bowel 

Althoufih  faradism  t<,  the  howel  niav  bo  of  a  cert-iin 
amoxint  of  benefit  even  in  this  latter  ..roup  of  cases    it  is 
o.sp..e.alIy     in     the    class    of    case    first    mentioned'  Hu" 
fhionic    ronst.pation     is     most     surelv     relieve,!     and     a 
re,M.  ar  habit  of  bowel  reinstat.-d,  by  t[.is  form  of 'ch^tri. 
rea  nient.     Many    such    c-ases,    if   not    all,    have    alreadv 
tried   numerous   forms  of  dm.   treatment,    such   as  dail. 
p.l!.s  of  aloes,  belladonna,  and  strychnine,  or  saline  wate; 
hpsom  salts,   senna,   and   the   like,  and   thou.d.   relief  ^^ 
he  moment  is  gain,.!  by  their  u.se,  no  permanent  cure  of 
the  constipation  is  likely  to  result.     I  have  .seen  manv  su.h 
cases  cured  by  the  use  of  the  faradic  current  appli. .,i  bv 
moans  ofarectd  electrode,  and  I  am  convinced  of  i/scHu-acy 
The  large  bowel  gradually  becomes  so  dilated  and  i,«  mus- 
cular coats  .so  attenuated  in  long-standing  ca.ses  of  chronic 
^^^^l^^t  little  or  IK.  power  of  unaided  recupemtic: 
remain.,  to  the  patient.     Faradism,  when  applied  to  the 
largejntestino,  causes  a  circular  contraction  at  the  point 
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•  •f  stirmil.ilinii,  ;,nrl  sN.w  p.-ristiiltic  wav.-s  .sj.mi.liii;,'  n\„w^ 
til.'  Im.w,.1  fiMiu  that  fM.idt.  This  may  U>  s.-.-ii  .•.\|..'rim.'nt" 
i'lly  ill  an  animal  if  the  ix-lvic  n.-rv.'  whi.li  irm.Tvatcs  the 

lower  |M,iti.,n  (.f  th.'  how.'l  I xpos...!  and  stimulatrd  |,y 

th-  fara.lic  .um-nt.  A  similar  r.-siilt,  tlu.iiL'h  less  mark.'.!, 
folh.w.s  thr  <lir.',t  application  of  tho  .-l.-ctro.!.'  to  the  wall 
of  the  lar;,'t'  infcstini-. 

fn  th.-  tr.atm.'rit  of  corisfipation  l.y  fara.lism,  all  that  is 

m-c.-ssiry  lH'si,l..s  the  fara.li.-  Lattery  "and  its  tw. mluct- 

in.u'  vvirr's  is  a  r.-<fal  i-l.-.trod.-  and  a  roll.T  .-I.Ttr.-d...  Th.- 
n'ctal  <'I.Ttr..d.'  consists  of  a  st-.ut  wir.'  al»oiit  <i  inches 
lonir.  cndint,'  in  a  small  metal  kn..l.  at  on.-  end  ;  at  the 
other  it  is  screwed  info  a  metal  cup  on  th.-  inside  „f  which 
is  a  female  scr.-w,  which  (its  the  scr.nv  terminal  of  the 
ordinary  handle  elect  rod...  The  C-iru  h  l.-n-th  of  st..ut  wire 
of  the  r..ctal  eh'ctrod.'  is  c.-v.-red  l,y  in.sulatini;  material 
fn.m  lielow  fh.'  m.'ti.l  kn.-h  d.,wn  to  fh.'  metal  cup  in  which 
it  is  fixed,  thus  leaving  ,.xp„s,Ml  only  the  metallic  terminal 
knol..  The  pati.'nt  must  lie  „n  the  hack  on  a  couch,  and 
the  ('h-ctrod.'  is  vas.'lin.-d  and  in.serted  into  the  l)owel  for 
ii  distance  of  about  .J  inches.  Hefore  in.s-'rtion,  the  el.-c- 
tn.de  has  l.een  attach.Ml  f.  its  handle  and  one  of  the  wires 
Icadirii;  to  th..  fara-li.-  Lattery,  an.l  th..  patient's  clothes 
must  be  so  loos.'ned  that  th.'  fn.nt  of  th.-  ahdomen  is 
easily  (.xpos.'d  f..r  tr..atm.'nt  with  fh.'  r.-H.-r  electn.de.  The 
battery  is  now  started  running'  with  the  s.'condarv  coil 
80  place.l  as  to  j^nve  only  a  weak  curr..nt,  and  the  rolh-r  elec- 
trode is  th.-u  w.'tt..d  with  hot  wat.-r  and  applied  to  the 
front  of  file  abdom.-n.  [f  th.-  secondarv  coil  has  been  well 
push.-d  back,  the  j)afient  will  probablV  frel  nothinj:.  but 
if  now  the  cod  be  sL.wly  j.ush.^.l  over  th..  priniarv,  the  ab- 
dominal muscl,.s  will  pr.'.s..nfly  show  sitnis  of  contractinj,' 
to  the  current,  althou-h  th..  pafi..nt  very  lik.'lv  still  fe,.Is 
nothinj,'.  The  ourn.nt  should  n..t  be  used  in  "a  str..nL'th 
iTr..at,.r  than  will  produce  g-ntlc  visible  euntracfions  of  the 
abdominal    mus -If.s. 
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WIh„  til,.  ,l.-.sin..l  ,str..n;:»|,  ..f  ,„rr,.nt  has  U^vu  attainr.l 
»»y  thus  pushing'  fh..  .s<.r.,n.lary  ,„il  ov.t  tho  pri.narv    th.- 
rnll-r  <.h.<.tro,l,.  sho„M  |„.  ,|ow|y  ,„v,s",l  Mv.-r  th..  .surf,.,., 
of  th,.   al«l,.m..M.    f..l|„win«   in„r..  ,.r  |.-s.s   th..   Iii„.   „f  th,. 
onion.  I.,.uin„i„j,  ov,.r  th,.  ,.,..,.,„  an.l  asviulintr  .•,.hm   in 
th.-   n-ht   in^ru.nal   r.-i.-n,  a.-.l  su  up   t.,   th,.   riu'ht   h.w,.r 
ri  .s.  a,r,..s,s  the  alHlon.,-,,  al.,.v,.  th-  „av..|.  a,,,l  ,l„wn  th,. 
i.-ft  ,M„l,.  ov,.r  th..  a,.s-,.n,li,,ir  ••..Ion   t,.  th..  sijr,„„i,l      Th.- 
mov,.n„.Mtrt  of  th,-  r,.II,.r  ..l.-.tn.,],.  ,„„st  l„.  sh.w.  an,l  thus 
a  s.,rt  ,.f  massa-,.  t„  th.-   lar^r..  int...sti„..  is  .„n.l.in.-.l  with 
Its  ,l,r..,-t  stimulation  l.y  n,..ar.s  „f  th,-  fara.li,-  .•urr.-nt      It 
IS  ..ft-n    r.-.„n.m..n.l.Ml   in    iMH.ks  on   ,.|,.,tri,al   tr..atm..nt 
aixl  stat..,l  in  ,l.r,.,-ti,u.s  i.ssu,-,!  with  th,"  fara.Ii,-  apparatus' 
•.V  th,.  ,.|..,tric,a,..  that  th,.  ,,rimary  fara,li,.  .-urn-nt  sh..ul,l 
be   u.s-.,l    f,.r  sfi.nulation   ,.f    th,-    int,..stin,.s  ;    p..rs„nallv    I 
uso  only  th,.  s..,.on,l  ,ry  coil  i„  all  .as-s  in    which   fara.li.sn. 
IS   r,.,,u,n-cl.     Th,.   duration    of   th,.    tn.atm.-nt   should    be 
about  twenty  mi„„tcs.  and  shoul.l  l„.  continu.-d  .-v.^rv  oth.^r 

clay  until   th,.  ,,roc..ss  has   I n   r,.p,.at,.,l   from   fiff,.,.n   to 

tw,.nty   t,m,^s.     (;,.„,.rally  sp,.akini:,   th,.   tn.atm.-nt  shouhl 

b''  ina.ntan.,..!  for  at  h-ast  .six  w,.,.ks.     ft  is  l,..st  Kiv,.n  in  th.. 

ni..rn.n-  al...w,  an  h,.ur  aft.-r  l.r,.akfast,  an.l  oft-n  th,.  im- 

m.-.l.at..  ,.fTo,t  of  th..  tr-atn,..nt  is  that  th,.  pati,.nt  f,.,.|s  a 

d...s,r..  to  J,.,  to  stool.     Althou^d,  it  is  nnuh  to  I.e  ,l,..s.r,..l 

tuat  ..,th,.r  th..  ,l.„.tor  or  a  skill,.,!  ..urs,.  .sh..ul.l  friv  the 

tr,.atm,.nt,  ,t  is  not  in.po.ssil.l,.  f„r  inflli^.-nt  j.ati.-nts  t.. 

•'"••n    to   apj.ly   it    th.-nisHvcs,    just    as    a    pati.-nt     mav 

Jean,     to    w.sh    out    his    ston,a,-h    fr,r    him.s,.|f.     In    thV 

most  ohstinat,.  ,as.s  of  .-onstipation   th,>   tn-atnu-nt   mav 

be  ^r,vcn  daily.  I.ut  in  th.-  majority  it  will  sulli.c  if  it  he 

given  thn-e  tim,'s  u  w,.ek. 

(.'alvanism   should    n.-wr   he   emp!ov,',l    for   this    treat 
meat.     It  stimulat.-s  th..  mu.seular  coats  of  th,.  howel  no 
bett.T  than  faradism-  in,le..,l,  not  .so  w..|| ;    and  th.-r..  is 
always  a  considerable  risk  of  pr.,.lucin«  el,.ctrolvsis  of  th,- 
mucous  membrane  of  the  rectum  when  in  contact  with  a 
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I>arr   rii.'tiil  riccf riMl.-   while  the  ((Kistant  .iiiri-iit   is   Immii^ 
iis.-.l.     .\ltli()ii>.'li  th.'  same  n-asoiiiii«  midif   !.«'  tli..ii«ht  t(, 
roiifra-irulicaf.'  fh..  use  of  galvanism  with  the  intrayastric 
•■l<'«fr..(l..   ill   ras-'s  <if  .lilatrd   sfoniach.  y.-f    th.-  comlitioiis 
an-   th.-n   slightly  .lifT.T.'iit.     Th.-   m.-taf  kiiof.  <.r  t.-rmirinl 
of  thi"  infra>.Mstiic  rlrctiu.h'  .slioiil.l  iKit  he  ill  (•..nfact  with 
th.-    wall    of    th.'    st..ma(h.    I.iit    hi.|<|.-i)   insi.l.-  th.-   riiM..-r 
Mtoiiiach  till).,  (as  [  always  us.-  it  myself)  :  .,r  t-lsf  if  a  stout 
insiilat.'.!  .'l..<tro(|.'  Im-  us.-.l  without  [.assiiij;  it  .h.wii  insi.l.' 
u  rul.l..-r  st.uiia.h  tul..-,  th.-n  th.-  t.-rniinal  knoh  .lips  into 
th.'  Ii<|iii.l  sfoina.li  .•ont.-nts,  whi.h  woul.l  s(-rv.'  to  j»n-v.-nt 
any  .-h-.trolysis  (.f  th.-  wall  of  the  st..nia.h.  if  onlv  weak 
.nm-nts    w.-r.'    us.-.l.     How.-v.-r.    th.-   .lan^n-r  of  pr.,<lu(inK 
such   electrolysis    is  a    r.-al  on.-,   an.l   its   clT.-.(s   niij.'ht   he 
serious.      For  that  r.-ason.  in  tn-atiny  the  st<.niach  l.y  this 
ni.'th.Hl,    wh.-n    usin«   yalvanisni    to   auum.-nt    the    faradic 
tn'atnient.  as  in  th.'  conihin.-.l  m.-tho.l  to  he  .lesirihed  later, 
f  always  tak.-  care  to  reverse  the  direction  of  the  galvanic 
current  at  l.-ast  one.'  a  s.-.on.l.  an.l  n.-ver  to  use  more  than 
•■;    to    }    ma.     Xo    nurse    or    att.-n.lant,    h.)w.'ver    skill.'.!, 
.shoul.l   he  all.,we.l   to   use  th.-  ^ralvani.;  curn-nt    for  intra- 
gastric or  n'.tal  tr.'afm.-nt,  or  for  any  tr.'atment  in  which 

^' l<'<tr...l.'  has  to   Ih-  appli.-d   to  a   mucous  nieml.rane. 

A  h'Inri,  no  pati.'iit,  of  .•ours,-,  shoul.l  he  allow.-.l  to  use 
galvanism  in  this  way.  Faradism,  on  the  other  haml, 
caniDt  prodiic.'  el.-ctr.)lysis.  and  thoiiirh  a  clumsy  nurse  or 
pati.-nt  may  a.lminist.-r  a  sharp  sh.xk,  y.-t  n.i  si-ri..us  harm 
is  lik.-ly  to  n'sult.  rts  hark,  so  to  s|)..ak,  is  worse  than  its 
Lite.  The  constant  current  is  much  mor.-  insidious  in  its 
acti..n.  an.l  a  sev.-re  l.urn  may  easily  l,e  pn.duced  without 
v.-iv  nui.h  pain  h.-inji  c,iiis,..l  at  th.-  time.  Its  hite  may, 
tlu-n-fore,   he  most  s'.-rioiis. 
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rrolapse  of   th.-  rectum  is    lial.l..   t.)   occur   in    voun^ 
infants  an.l   in  ol.l   p.-.. pie,  and  in  ohstinate  cases  wliich 
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<•"  "Of  yi..|,l  to  onlinary  ,„..fl,<,l.s  of  (r..a.,n..nt.  faradis.n 
>y  ninms  «,f  fh.  nxfal  ..K-.tn..!..  n.av  1...  .all...!  i„fn  n.nuisi- 
tion  It  ,s  Mu.r,.  lik.lv  f,.  I,..  r...,uir..,l  in  <,l,l  ,„.op|,.  «h...s,. 
nuisrlos  are  l„s„.y  their  t,m...  ar..l  whose  tissue.s  are  Hhrink- 
">*-'  from  s.n.le  .aus-s.  thus  .le,,rivinK  the  rertum  of  its 
JTovious  me.ha,.i.al  .sup,,urt.  The  treatment  nuv  he 
"PHi"«1  m  the  same  way  as  for  .onstipatirm.  tho,.j;h  th. 
rolh.r  eh.etro,h.  is  not  ne.essary.  nn.I  a  moist  ,.a.l 
phi.e,l  insfea,!  .m  the  front  of  the  alulomen  will  meet  the 
case. 

Prolapse  of  the  uterus  an.l  dispLnvments  .lue  to  laxitv 
of  I.Kainents  may  also  he  most  advanta^eonslv  treateil 
l.y  he  faradu-  .urrent.  The  method  of  apph.-ation  is 
«.nnlar  ,n  pnn.iple  to  that  en.,.loye.I  for  the  treatment 
of  eonst.patmn.  A  stout  hou^i.  electro.le.  sinnlar  in  .on- 
«tru,t.on  to  the  reetal  eh-etroch-.  is  passed  i„to  the  va.Mna 
up  t<.  Its  posterior  fornix,  a.ul  the  othe-  eleetro.le  emph.ve.l 
may  he  e.ther  a  roller  eleetr.  ,le  or  ,st  pad  plaeed"  on 

he  front  of  the  al-domen.     If.  as  is  ,.      unlikelv  the  ease 
there  is  ehron.e  eonstipation  present  also,  then'  the  rolle,^ 
oleetro,le  shouM  he  employ^.l  on  the  ahdomen  in  the  manner 
descnhod     ,n     the    se,-tion    on     the     treatment     of      on- 
st.pat.on.     The  treatment    ,,  i,,  the  forn.er  class  of  ease 
should  he  ,Mven  three  or  four  times  a  week,  for  a  period  of 
about  twenty  minutes,  an.l  .should  he  maintaine,!  for  from 
«ix  to  eight  weeks.     I  have  known  ehroni<.  proh.p.se  of  the 
womh,  which   had    previously    necessitated    the    persistent 
us.'  of  a  pessary,  cured  l,y  this  treatment.  an,l  at  the  .same 
.me  the  chron,e  constipation  from  whi.h  the  },atient  «uf- 


■d  d 
With 


U})peared. 
some   faradie    batten 


pensive  ones,  an  apj)aratus  is  sunt.lied  I 


ics,   especiallv   the   more 


e.x- 


the  interruptor  ean  be  made  to  vil 


by  means  of  which 


r  ev 


rate  (juite  slow  I  v,  four 

en  less.  }„.i„»  not  dif}ku!t  to  obtain. 

Mn>i  an  aluminium  wire,  bent  to  a  sharp 

unscrewing  the 


beats  a  second,  o 
It  is  effected  by  fi 
angle,  upon  the  rigi.l  interniptor  bar'ami 


lo-.' 


KMX'TniCAI.   TUKATMKNT 


<onfarf   sivw    .H'.   f|,;,t    f|„.  ...wiirHiniis  c.f  il,,'   ijif.'rruj.for 
liaiiifii.T    iinaiii.Ht     till-    luiniuvi     uuist     L-    li,r;;iT.      [f    this 
appjirafiLs    is    UMil    wln-ii    yiviiiy    faia.lif    fr.'atin.-iit    tii    tin- 
sf..riia<  Il  ..r  ofhrr  visccia,  tlM-n  tli.-  imisrirs  an-  net  ti'tanisiMl 
\>y  tUf  « iirr.'nf  as  t\i>-y  an*  wli.-n  fh,.  irifrrru|.t«.r  is  nuininn 
ii»   «Im'  ..r.liiiarv  sjMcd  f,f  thirty  or  forty  jht  m-<«iii(1.     Tm- 
sNm<I  of  a  t.-taii:.-  rontractioii.  the  iiiiis<  Irs  an-  thrown  info 
rhythniir,  .Ionic  rontractic.tis.   varyinj;  n-nulaily  in  sjmt.I 
with   the  alternations  of  th.-  intcrrupfor.     Hy  thus  allow- 
ing th.'  nnis.l..  i(,  relax  inoin.-ntarily  aff.-r  each  Lrit-f  con- 
tra.tion.  if  is  sonicfini.s  thon^'ht  that  l..'ff..r  r.-sults  may  l..> 
a.hicv.'d  ;     |,„t.   pirsonally,    [   pn-fcr  the   use  „f  fh..  n.ll.T 
••''■•'n.lc    with    fhc    int.-rnij.tor    w..rkin^'   at    its   ordinary 
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This  <■on.liti.in.  iii.lii.'.'.l  l.y  alc.holi.'  nr  opium  p..isnn- 
injf,  ..r  r.'spiratory  ..r  .ar.lia.-  failuiv  under  an  aiia'sthetic. 
may  a.lvanfap'..usly  he  fr.'af.'d  hy  the  fir.idi.  current.     In 
an  op.'rafin^  th.-afr.-  an  emerp-n.y  coil  is  oft.-n  k.'pt  r.'ady 
for  US",  shoul.l  the  occasion  arise.     It  ...nsisfs  of  a  power- 
fid  .Iry  .•..|1  .Irivinjf  a  primary  ...il  with  a   hammer  inter- 
rupt..r.     Owr    tl...    primary   ...il    is    p.-rinanenflv    fixed   a 
ser.Mulary  .-oil.  and  fh,-  sfartinjr  swit.h  has  thri-e  n:  f„ur 
stops  jira.luafinji  fh.'  sfrenyth  of  fh.'  current.     A  pair  of 
wires  and  dis!-..|,.cf nuh-s  ..n  handl.-s  are  p.-rmanentlv  fix.'d 
on  f..  the  l.indin^  scr.-ws.  s..  that  the  only  j.r.'parafi.m  of 
th.-  I.atf.-ry  n.-.-.-ssary  is  t..  ^^■i'i  tl,,-  .-l.-cfr.'.l.-s  and  turn  on 
th.'    staitinu    switch.     In    cas.-s    when-    the    respirati.m    or 
h<-art   has   fail.-.l   und.-r  an   anasfhetic.   the  wet  electrodes 
sliouM  h,    pla..>d.  one  upon  fh.-  epi;:asfrium  or  heart,  and 
th.-  ..ih.-r  at  th.>  r....t  ..f  th.-  n.-ck  just  hehind  the  .stenio- 
mast.Hd  nuis,  le.     By  this  m.-ans  r.-spiration  mav  he  stimu- 
lat.-,l  l.y  producing.'  contra.fi..n  of  the  .lia])hraf;m  throuuh 
faradisation  of  the  phrcdc  ihtvp.  .uid  <nn(ra.tions  of  the 
h.-art  musil.'  itself  may  als..  I..-  prov..ke.l. 
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In  tho  lnMtfn..rit  ..f.„ma  fn.m  alc.liolir  or  ..piiirn  |)..i.Hnn- 

in^'.   .•«!„..  iaiiy   in    tl,-    lafr  t.    f.ra.lis.,.    riuv    I,..    ..f     f|„. 

utm..Ht   H.rvir...     [„   opium  poisoning  tl,,." ,  ..rr.nt   ,nav 

l»«'  applinl   with  a  small  .lisr-rl.-,  fr...l.',  „r  with  th.-  wir.' 

iTi.sl.  to  fl,..  liriihs  an.l  fr.n.k.  a  Hat  |.a,l  as  fh..  in.litT.T.-nt 

«l.-.tro.l,.  U'iuti  a|»|.li.-.l  to  th..  spin...     Th.-  rnrrrnt  sho.il.l 

I",    sufhrirntly   struun   to    i.rovok-,.    w..||.„n,rk.-.l    mus.ular 

c.nlra.f.ons.     Its  valu.-  lirs  i„  iu  pow-rful  stinmlation  «.f 

H..nHory  ihtv-s.   th.-nhy   pn-v/.tinK   «l„.   patirnt    from   r.'- 

iaF.siiiK   into   that  .l.-pth   of  <  onu   whirl,   is  ho  dan^.Tous 

t..  hf..  from  th..  lial.ility  to  .aniia.-  ..r  r.-spiratorv  failur.. 

Ntrontr  srnM.ry  st.mulati..,,  pr.„lu,  ,.,l  l,v  ,}.{.,  ,„,,,„;  is  a  far 

Hif..r  m..,ns  of    k.-.-pin^  at    Lay   th.-  .lan^.-rons  .l.-pth    of 

c.ma  in  pois.»nin^  l.y  opium  than  th."  o|.lfashi..n.'.l  m.-ans 

of  waikinK  th.'  pati..nt  up  a-al  down   for  hours,   until   h.. 

di.'s  from  .".xl.austion  p..rhaps  as  nni.  h  as  fn.m  th-  p..i.son- 

ous  cfT.'cts  of  thf  flru;.'. 


HY.STKHICAL  ((AVlL.SIoNS 
An.    lM.sf    arr.-st...l    l,y    stn.njr     fara-'li,-     sfimuh.f  ,n.      A 
lartr..    flat    pad   should    I,,,    applied    t..    th.    spin.,    or    on., 
thi^di,  as  th..   in.liff..r..nt  dfctr...!,.  ;    whil,.    for    th.'   activ.> 
Hfttrod,.    a    roun.l    pad    of    al.out    on.,   in.h    in    ,liam..t..r 
should  1„.   us.'d  on  th..  (h.'st  an.l  limi.s.     This  is  a  l)..tt..r 
m..ans   of  aj.pli.ation    than    l.y   usim;  t-vo  <lis'  ,.|..,tro.l..s 
in    closi.    pro.vimity   on    th.-   limi.s    or    trunk,   as    in    this 
hitter    caso    th..    ..K..tri.ity    is   pra.ticallv  ronlin...!  to  th.- 
n.'.ghbourho.Kl   ..f   th..   ..l,.ctr,..h.s,  an.l  tV  p-n.-ral  stimu- 
lation  IS    mu.h    I...SS    for    th..   Sim,,    .strength    of   curn-nt 
E.vc..pt  in  very  s,.v.t..  casvs  it  will    !,..  unn..c..ssarv  to  us.- 
the  wire    brush    f..r  this  tn-atnu-nt.  as  it  is  a  much  nu.r.. 
painful    form    of   aj)pli,ati,.n,  an.l    is  lik.-Iv  t.,  r.'.luce  th.- 
patient  to   t.-ars  an.l  .s.,l,l,injr.  and   t..   in.lu...    a    st^ite    of 
t«.rr.)r  which  r.-auts  l.adly  on  th..  c..nditi..n  of  the  nervous 
system.     Care  mu.st,     ?  cour.se,  }>e  taken  that  th..  diagnosis 
of  hysterical  convulsions  is  cornHt,  and  that  the  convul- 
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sions  «r.  not  opil,.p,i.,  a,>oj,I,.,,i.,  or  tu.U-  i„  origin.     Th. 
•stronjr  h  ..f  ,.„m.nf  that  is  lik.-I.  to  ,..t  tl..  l-st  result 

'luisciiiar  coiitnictions. 

Catalepsy,  wl„.,i„.r  ,|,„.  „,  i,,.,,,,,,-.,  ,„  ,„  „,|„„  ,.,„„., 
may  ....ally  ,..  „„„,„.,,  ,,,  „,„■,, ,  »  ■ 

':;,t,.;r;»':' ""■"'^'■"' "-..■.■  .;„, :;:,: 

;:x;  •;;:;!,'::;;.. "-•■" --' 
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THE  GALVANIC,  CONTINUOUS,  OR  DIRECT  CURRENT 

«'fzf:k    in  m>,  was  on  th.  track  of  tho  ..ontinuouH  rur- 
ont    wh.n  h,.  noticed  tho  iKvuIiar  sensation  p.Klucd  ,„ 
tho  tongue  on  its  hoinp  t<.u(h..,l  l.y  two  pi.^os  of  l.ud  an<l 
Silver  whK-h  vere  also  in  .-ontact  with  ea.-h  other.     (Jalvani 
was  the  first  to  lay  the  foun.lation  of  our  knowle.l.e  of  the 
c.,nt,nuou.s    or    constant    current    l.atterv,    after    stu.lvin.r 
the  phenomena  first  ol.serve.l   hv  hi.s  wife,   in    17,sm     who 
prn(lu,.e,l    convulsion    of    the    muscles    in    H    frog's    leg    l>v 
attaching  one  end  of  a  metallic  conductor  to  the  musch-s 
and   the  other  to  the  lumbar  nerves.     Volta.  soon  aft<.r- 
wards.  also  worked  at  the  .same  prol.lem,  and  .liscovered 
the  voltaic  p,|e.  whi.h  hears  his  name.  compos-.I  of  alter- 
nate di.s.s  of  zinc  and  copp.-r.  separated  hv  pi.-ees  of  acidu- 
ated  n,o,.stened  card,     ft  is  in  memory  of  these  two  pioneers 
1"   the  field  of  electrical  science  that  this  form  of  current 
IS  often    referred    to    as  gahanic   or  vr.ltaic.     The    nanu- 
c^ontinuous     or     constant    ,.urrent     is     also     applied      to 
it  because  the  flow  of  current  from  a  cdl  which  produces  it 
|.s  .steady  and  continuous.     When  supplied  fron,  the  electric 
l.uhtmg  mams    it  is  often  called  the  "direct  "  current,  to 
|li.stM,gu,sh  It  fro,n  the  alternating  ..urrent  of  some  ele.-tric 
..'htmg   ...rcu.ts.     This   ..urrent    may    he    obtained    either 
from    pnmary   batteries   or   modifications   of   the   original 
.oltuic    pde     from    scondary    batteries    or    accumulaton., 
or  Jrom  motor  generators  or  dvnamos 

The  Leclanchd  battery.-The  continuous  current  is 
obtain..d   from   primarv   batteries  .^  .,  ro.,,\t  rf     !  ■ 

lefmn       Tl  ',        •         r<  >u!t    Of    ehemu  ai 

action.      I  he  commonest  primary  battery  used  for  mecfical 
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work  is  flio  L.'clancli.',  in  one  of  its  manv  modifications. 
Tli.«  ..nlinaiv  wf  L..,lan(li.'  c.ll  consists  ..f  an  oiif.T  f...ir- 
skI.mI  jrli.ss  vrss-l.  lu.l.linjr  f,„,a  (,n,.  pi„f  to  u  (|iiart.  which 
IS  alKMit  onc-thir.l    tillc.l    u.th    s^.tuiatcd    sohition    of   sal- 
ammoniac,     fn  this  is  ,,h,c,.,l  a  n..I  of  zinc  anialuMmatcl 
with   mcnurv.   „r.    Letter,   a   cylindrical   j.latc  of  zinc,   to 
which    is   sj.ldcrcd   u    wire   conncctin-r    it    to    the   negative 
<"lor-trod...     Fnsidc  the  cylindrical  plate  r.f  zinc  di,)s  a  carl.on 
rod.  with  its  l„N\er  end  j)acl<ed  in  a  l.a</  of  crushed  carl.on 
and  rou,irh-;4niin.'d   niaii^Miiese  dioxide,  or  pvrolusite.     To 
the  top  of  the  carl.r.n  n.d  is  clamp.'d  a  leaden" caj..  attached 
to  which  is  a  hindin^  screw  for  the  lixinj:  of  th."  wire  of  the 
positive  electrode.     Wh(-n  this  hatter/  is  n..t  workinji.  there 
is.  theor.-t^cally.  no  chemical  action;    hut  when  the  wires 
of  th..  p,,.sitive  and  !i..jrative  electro(h.s  are  c(.nnecte<l  to- 
gether, either  dircctiv  or  throu-h  a  ivsist  ,nce.  then  chemi.'al 
a.'tK.n  is  set  up  in  the  l.att.-ry,  and  ..n  .Oectri.-  current  flows 
from  the  zinc  to  the  carlx.n,  an<l  throuj/h  the  circuit  of  the 
wires  h:„  k  to  th<.  zinc.      At  th.-  s  im.'  time  th-"  zin.'  is  gradu- 
ally .lissolvv.l.  with   (h..  f.,rmati.m  of  zinc  chlori.h',"wiiilo 
ammonia   uas  is  slowly  ^riv.-n  off.  aii.l   the   maniian'ese  di- 
oxuh-  IS  rv.Iuc.'d  to  a  h.wr  ..xid...     This  c..ll.  wK.  n  in  yood 
order.  j:ivcs  a  curivnt  of  uood  str.'iiuth,   haviniz  a  voitaye 
of  I-.-.,  hut  the  carlH.n  soon  l.ec.mes  polarised  if  the  current 
IS  taken  out  raj.idly  thn.uuh  a  low  resistance,  so  that  the 
voltaue  ,.f  the  ceil  raj.idly  falls.     If.  how.-ver.  the  cell  is  left  to 
its.'lf  for  a  time,  it  gradually  recov.-rs.  so  that  it  is  a  cell  well 
adapted  f..r  intermittent  w<.rk.in  which  heavvcurrentsaro  not 
re-iuire.L  as  in  medical  el.rtricitv.  or  for  telegraph  puri.<.s<>s. 
Hy  "polarisition  "  is  meant  th.'  coverinjr  of  the  surface 
of  the  n.'^ativ..  or  carl...n  ..lem.-nt  with  l.ul.l.l..s  of  hydro^ren, 
as  th-  ivsult  (.f  till'  .U-iomposith.n  ..f  th.'  el.'ctrolvto  l.y  the 
passai:.'  of  th.'  current.     Th.'  c.-ll  may  nc.w  he  considered 
as  a  zincdiy.lrojren  c.'ll.  with  a  v..ltafre  of  onlv  "S^.  instead 
of  a  zin(:-carl...n  cell  whos.'  v..ltage  is  l-.',,  and,'th,.n'fore,  the 
VoltaLTe  of  th"  l>itter\-  la!!-:. 
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r.i  onl.T  to  (.xidis.  th..  I.y.lrofrrn  at  the  n.-gativo  vlvmvut 
an.l  thus  jm-vput  polarisati.,,,.  a  varirtv  cf  inaiipiru-s,.  ,,rr- 
"XKl.'  c.ili.-,I  pyn.lusit.  is  u.vmI  a.wl  pa.k.-.I  aroun.l  th.  car- 
••on  or  Hirorporat,.-!  with  it.  This  suhstann-  can  slowK 
«>XHl>sc  the  nasfont  hy<lrou..n  to  form  watrr,  inilcss  too 
strong  a  current  is  tak.n  fro.n  th.  c.-.i.  If  that  o,rurs  th. 
fHI  l..'(on,.H  ,,nlaris..,l  ;  hut  aft.r  a  p.riod  of  r.st  tho  action 
"I  th.  pyn.ius.t.  slowly  d.polaris.s  th.  c.li  a^ain,  and  its 
v.>ltafr.  w,il  h.  found  to  hav.  ris.u  to  nmch  th.  san„.  as 
It  was  iM'for.. 

Inst.a,!  of  a  w.t  c.II,  th.  parts  mav  h.  arranj.^.,!  as  a  so- 
'-•"ll.-d  dry  ,..11,  such  as  that  of  li.H.s.n  or  Ohach.     This 
latter  consists  of  a  zinc  cylinder  casing,   nu.untcl  on  an 
fHulatintr    asphalt     has..     In    th.    c.ntr.    is    placed    th. 
carhon  r.ul,  which  is  surrounded  hv  the  dejH.lari.ing  niix- 
t..r.     'ons.stn.g   of  n.arly  .(jual   parts  of   nunfranes.   di- 
o.Md.  and  phi.nI.ago  ma,h>  into  a  j.aste  with  1  per  cnt    of 
pum  tragacanth.  j)ress..<l  into  the  n-.,uired  form.     This  is 
wrapped   in    ,>ai).r  and   surn.un.h'd    with   the   electrolvte 
mad.  of  H.>  j„.r  cent.  plaster-of-I»aris  an.l  J.",  per  cent'  of 
Hour  nil. x-.d  to  a  thin  paste  with  .saturated  sal-ammoniac 
solution.     Tnis  electrolyte  occupies  the  space  b.tw,.en  th. 
depolarising  nnxture  and  tlu'  outer  zinc  casing.     Ov.r  the 
depolanser  and  electrolyte  is  placed  a  paper  rim:,  al.ove 
which  IS  a  layer  of  ground  cork,  then  anoth.r  puper  rin- 
surmount.d  hy  a  !,ituminous  .seal,  throutrh  which  a  small 
glass  tub.  IS  passed  to  a.t  a.s  a  vent  for  the  iraseg  liherate.l 
by  th,'  action  of  th..  ell.     The  voltage  of  the.se  drv  .vlls 
IS  slightly  higlu-r  than  that  of  th,.  w.t  cell,  an,l  tlu'v  last 
fciirly  well,  though  they  .annot  b,.  renew,.d  as    the  "parts 
of  a  wet  cell  can  ;    but  new  ,lrv  c.-lls  must  be  bought  is  the 
old  ones  b,.come  worn  out.     On  th,.  other  han,l,'a  bat.,.ry 
of  <lry  c,.lls  may  sonietim.-s  b,.  r,.charg,.,l  fn.m  a  dynamo 
or  mam  direct  current,  just  as  though  th,.y  were  accunm- 
Jators  (.see  p.  ]  ]  ."i). 

Electrical  units.     Th.   .„//  is   ,h,.  ar!.itrarv  unit  of 
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••  .'.tn.  pr-ssun.  ,„■  electromotive  force,  .n.l  is  a  litfi.  i.sh 

'    ,"    ^'l''^    "^  ••"•■    "■•'"'■'•"   ••'•I'-     This   ,...||   ...nsisfs   of  an 
-. W  .lass  or  ,>on...|ai„   v.-ss.-l  .or.tainin^  a  zin.  ..vlin.l.-r 
stan.i.nu  ...  a  sol„f,on  of  .liluto  sulr.I.unV  aci.l.     Insiil,.    fh. 
:^""-  '■yl.n<l.T  sfan.ls  a  porous  pot  rontaininf.  a  ro.]  of  ,.opp,.r 
''"""Ts,.,!  ,„  a  sat„rat..,l  solution  of  ,.op,.,.r  sulpl.at...    Wll.n 
IH.  ,•,.11  ,s  „,  a,-,io„  (h,.  ,in,.  .lissohvs  i„"  th,-  sulphuri,-  a,i,l 
form,,,,  .,„..  sulj,}.at,..an.l  th-  lil..rat,.,l  SO.  ion  s.-ts  fr..: 
'•-F'!-r  f,„,„   th,.  ,.opp,.r  sulpl.at,.  solution.  nn,l  copp.T  is 
"l"P'>s,t,.<l    upon    th,.    ....nt,al   ,.opp..r   ro,!.    wInVh   th,.r,.for,'« 
.TOWS  th.,.K,.r.     This  c-ll  i.s  v,.rv  constant,  an,l  its  volta.,. 
Is  I  ■ ! .  f^ 

Til."  unit  of  resistance  is  tl„.  „]>„>.  .n,l  is  fi.v,.,i  ,s  th,. 

n-s.stan,,.  of  a  ,„lun,n  -.f  n,..r,urv  l.iS  nun.  hi.^h  ami 
sq.  n„„.  ,n,.r„ss  s,.,t,on.  w,  ,d.in.  at  d  C.  M-.}:,:<1  yramm,.s. 
IMS  ,s  ,.,,ual   t.,  th..   n.sistan,.,.  of  a  wire  of  p,;u-  c-,.pp,>r 

•";rn.,ntWk...ss.„dalitt v.-r  oO  vanls  in  i.nutll.' 

li..'  unit  Of  electric  current  is  th,.  .,./.„.,  an,l  is  xh, 

"p.sur,.  of  th,.  .urn.nt  that  will  How  throuf^h  a  n-sistanco 

••f  I   <.h,n  at   th,.  pn.ssup.  ,>f  1  volt.     In  m,.di,.al  ,.]c.ctri,itv 

'"  "">P'-;<'  :s  too  jariz..  a  nnit  to  ho  convenit-nt.  an.l  the 

tl.onsan.lth   part   of  an   an.p,^r...   or    niillia,n,,er..    (n.a  )  is 

<'inp|,)y,.,l  i,ist,.a<l.  V       •/    ■■' 

The  unit  of  quantity  is  th,.  couh.U--;,  term  scarcelv 
<'v.T  r,>,,.:,n..l  in  n„.,l„al  ,.l,.,.tri,-ity.     It  is  the  quantitv  r;f 
.«le,tr„.,ty  repres..,.,t,..I  l.v  a  ,.un..nt  of  ]   amp,V  flowing 
'<"•  o,,..  s..,.on,l.     A  ,.o„lon,!,  may  also  1...  ,U.fi„.,i  ,,  ^h, 
'l';-;t'<..    of    ,.l....tri,.ity    wh,Vh,    wh,-n    passed    through    a 
solu(„.n  of  s,lv,.r  nitrat,.  in  a  silv,.r  voItamet,.r,  eaus,.s  a 
<l''I-.^'tinn  on  the  platinum  katho,le  of    mWS  c.ran,me  of 
silver.      Tn    el,.,tn,al    emrin,.e,in«    a    l.rtrer    unit    is    more 
n.nnnonlv  us...]  :    the  cm,in:h,ur  ;    that  is  to  .sav.  a  cur- 
rent of  1  amp.-.,v  <lowin,.  for  on,-  hour,  or  ;j,.;(K)  coulon.l.s. 
The  unit  of  capacity,    or   storaue-power  of  a    con- 
'l.'nser.  s.u^h  as  a   l.-vlen  ja,-.   for  el,.ctri,>it..  is  the  nnrm- 
hra<>,  or  the  nnllinnth  pa,t  of  a  I,,,;,.!.     \  condenser  has 
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of  ,1  ctru.f,   u,  H,.rjj.  ,t  to  th,.  pr...ss„ro  of  ,,„.  volt. 

II-  unit  of  electric  energy  is  tfu-  .«./.  ,n.l  is  th. 

"<--n.  of  tho  rat.    at   whi.^h   work  is   ,>„„,  a„n..      T, 
mn„  „.r  of  watts  con.um.Hl  is  obtainod  hv  muHiphin,  tho 

r;lr  "     '-''''   "V"'"^"'^   f'^'--"   '•>'   ^'-   "-n.hr  of 
am,>,.n.s  of  curn-nt  flouin.       Thus  a  rurn-nt  of  .'-ampere 

t^r^r "' '"' ''''' '-''  '^^  ^^•"^^'  '^' ''-  -^^^ "' -^ 

watt..      Ih..   amount   of   work   ,iono   is   mnaUv   n.kon.d 

mJv;/^^.«„,  and  i,.h.,  watt-hours  is  tho  Board  of  Trade 

unit  for  ohvtri,.  supply.  an.l  costs  usuallv  al.out  «ixponrc 

n   th  :  "■    fT-    /^  ''"'•   ''''^''^''    '"'   "manufactured 
■  n^  th.  eountn-  A,r  a'^out  one   halfpenny  in   lar,e  po.er 

Seven   hun,lred  and   forty-si.x  watts  are  equivalent   to 

of  ....<)  11..  to  a  hemht  of  1  foot  i„  one  second 

One  thous  md  watts,  or  a  Ho>ratt,  is  the  unit  of  electric 
ener^v  commonly  used  by  electrical  enpnoers  in  measur- 
infT  the  power  of  large  machines. 

Since  the  number  of  watts,  or  rate  at  which  work  is 

pn.  done,  .s  th..  pro<luct  of    the  voltage    multiplied    bv 

h.'  amp...,e,  .t  will  be  clear  that  a  current  ,  f  /  amoen. 

a    a  pressure  of  .>,h,  volts  will  do  exactly  the  same  amount 

of  work  as  a  currer.t  of  2  amperes  at  a  j.ressuro  of  ](„ 

or  et  tr  r  '"'"^ '^'  ^^•"P^'-'''^'^'«  ^'ffi-^i'^'H-y  of  machines 
or  olectnc  lamps,  ,t  as  usual  to  quote  the  numlK-r  of  watts 
required  to  work  them.  Thus  the  ordinary  lO-candle^ 
power  mcand..scent  lamp  requires  about  <;(,  watts  to  make 
It  Slow  bnghtly,  and  therefore  on  a  circuit  of  1(H,  volts 
a  iO-candle-power  lan.p  will  consume  -(5  of  an  ampere,  while 

po«cr  >vil  reqmre  only  -jr,  of  an  ampere.     The  lamps  must 

■^   sp..c.ally   made    for  the   different   pressures,   and   if  a 

lamp    dosigned    for   a    I.H)-.olt    circuit    were    accidentallv 

fitted  on  to  a  240-volt  circuit,  as  soon  as  the  current  was 
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:,.7;:;:. .;""" ^--M-n,..  wit,,  nwuni... 

-N.m!     f  ,a,  .,.,,  ,.,.,„,.nfs,  hav..  a  hi.h.r  ..fU  .i..n..v-s„,.|. 
..'    Jant.han   or   Osnun    h„.p,    ,,nlurin,    t,,.    ,     , 

*"'."""1  "f  t!,..   MumlMT  of  „atts   n.,,„i,v,l   to  .Ihv.   the 

'■'^  7    ''''';V""'^"'''''  ^''  ••••'-'•  "-tallL  niamont  iH,^^^^^^^ 
a-.s..n.^  to  .,tl.,st...n.l  a  hiuh.-r  ,..,,,,.  than   ,.o     o  t    ' 

Ohms  Law.    For    ,,,„.,•,.    ,.„^^,.,,^^    ^  ^ 

-'^    '•-    volta,..,    (),MM   .Iis.ov..n..l    that   in   anv    '  n'u  t 
::'''^'^^^'r;;'''-'-b    proportional  to  th,.stn.n,^^ 

US  unu  .      I  h.  str,.n,.th  of  th.  c-um-nt  i„  ;„„,,•,,.,  ;,  ' 

t<'  th.;  ..l.,romotnv  U.r.  i,.   volts  ,livi.,...l  L  t       X 
an.-.-  m  ohms."     This  niav  l„.  evnr,.     .1   l      *i      r  , 

p;  •  '  M'r<'^.MMl   hy  the  fornmhi, 

C'  ^    j^.  when.  C  .   the  strength  of  the  current  in  an,j,eres 
K  the  ..I.rtn.motive   force    in   volts,  or  EMF    an.l  K  the 
-st.ncen..>hn.s.     This  hnv  .loes  not  apph-  .i:     ,'„ ': 
m.Hl.  ,c.l  form  to  ..urrents  of  hi,h  v.>,ta..,  such  as  Jr        ,; 
'l'«c,..l  l.y  static  ma,>hin..s.  or  curn-nts  of  hi.,1    f  ' 

111  •      '   >  uiM  III.-,  o|   niiTli  jr.'CiUcni v    111 

.   1...  ,-.,„.i,„„,r.  Ti,is  is  k„„,„  .,  „„.  ••  »n„  ^^:, 

:;!:,:;:„',l:.  "■" ""■■  '""■»  -'  -■■•  -'^ » -n„,„. 

■'  -|.,.ly  ..I  .1...  ..„rr,.,„.  w,  ln,v,.  ,.,  „.,t,;„  i„  „„.  Zm.l 

..•-...„,.  ,„  .i„.  ,.«,.„,„i  ,,,,,,„-,  .„,„,  „„,  ,„^,_^^^.^^^^  ;^J;;i 

'"■"'■""""■  u.;,-"™'.-,,, .,,.., ,  i„,,„„i,.. 
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Hisf  ..KT  „f  fl...  hafu-ry.  Smnll  I,<.,|an.l,.'.  ,...||s  |,av.'  a 
I'l^IuT  int..rn,il  rcsistanc..  than  lar-*'  cnrs.  fh,.  rrsisf;,-,,-,.  ,.f 
Ih.'  Littrr  lM,„ir  ,i,„„t  -7  „l,m  wh.-n  in  «no<l  wrkinK  onlrr 

Batteries  and  accumulators.  -  Ti„.    arr.n,fr,.„u.nt 

of  tl„.  ••..ll.s  ,n  u  hitU'ry  will  vary  a,T.,r.lin«  tc  tl...  w,.rk 
that  It  IS  ro.juir.Ml  t. .  i...rf„rm.     [f  a  l.i^M,  veltai.'.'  is  n..,uir.Ml 
^"i.l  I...  -rvat    ;^lp,^ra^..  ui  curr-nt,  as  i„  tl„.  tr.-atin.-nt  «f 
piti.-nts  with   fh<.  ^raivanic  cirrvnt.   th.-n  a   lartr-  nurnl..T 
.•I  small  crlls  must   1.,.  us<m1.  i„st,.a,l  ..f  o,„.  (,r  mn,v  lar... 
nn.'s.      rh-so  small  c-lls  must  Ur  („u|,I.m1  up  in  srrirs  ;    that 
IS  to  s  ly,  the  zinc  cf  unc  rvU  must  I,.,  join,-,!  l,v  a  win-  to  the 
carlK.n  pol,.  of  th.-  m-xt,  and  so  on  thr-.u-hopt  th-  whoh- 
Mumh-.r  of  (-..lis  ,.m,.loy,.,l.  tho  unatta<h...l  .a.l.an  po|,.  at 
'•""  ••n.l  of  f h,.  hattory  ami  th.-  unattacluMl  zinc  at  th..  oth.-r 
h'lri!,'  (1X..1  to  th..  wires,  whi-h  an-  fastened  to  the  tn-at- 
in.nt  (.!,.,.tro.l..s.     By  this  m-ans  of  ••ouj.Iin-  up  the  n-lls 
tho  total  voltaj...  of  the  l.att-ry  is  the  sum  of  the  volta-es 
of  the  in.hvi.lual  cells.     Thus,  a  hatterv  of  f„rtv  cells  will 
have  an  available  voltaire  of  r;<)  v,.|fs  when  the  cells  and 
working  parts  are  new  and  l.riirhf. 

This    hiL'h    volt:i-e   is   neces.^.ry   in    m.'.lical    treatment 
iM'cause  of  the  hij^h  resistance  in  olnns  otlV-red  l.v  the  skin 
even   when   thorou,trhly  moistened.     The  resistance  of  the' 
moistened  skin   to   th.'  passajie  of  the  .-urivnt   from   two 

onlinary  pa.I  electrodes  may  he  taken,  on  the  avem ,» 

uhout  ;;..«..  ohms.  This  resistan.e  R  is  verv  ^.n.it  in^om- 
pan-son  with  r,  the  sum  of  the  int.-rnal  resistances  of  the 
cells,  even  if  we  estimate  th,'  int.'rnal  resistance  of  each  cell 

as  hicrh  as    1   ohms.     Thus.   C^       '''       ..-  ''" 

H     r    r         .j.tHMI     .-  J(i()    ~ 

•<'l;.  ampere,  or  I<..  ma.  Xow,  J<,  ma.  is  a  fairlv  sfnm.^ 
current  for  medical  therapeutics,  and  will  rarelv  I.e  nviuircf 
e.x-.-ept  in  the  treatm.-nt  of  stiatica.  Hence," a  hatterv  of 
in  cells  will  he  found  amply  sufliHent  for  all  the  purposes 
of  -alvanic  Ireatm.-nt.  It  will  |„.  noticed  h..w  sm^dl  i 
proportion    the    int.'rnal    r.-sistance    of   the    hatterv    bears 
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»-  th.  ..xt..n,al   r..s,>fan....  -  narn..Iy,   tl.at   of  fl...   p.H.-nt's 
^nn.I  out  ...h.-r  ,1.  „.,,i,,,,,,,,,,  ,,,,.   ^^^^^^^^^^^^^ 

«IIC     KMOWn. 

, '•;:;;;'';'"T'"V^''''-''-^'"-„p;.rap.of,.un-.^^^ 

t..r      '-l.-ta..n.f.n-a!,i,h  volfa,..isnotM,.n.ssa^v 
'      '     '     ;   :"        '/"'""^    from   a    ,>nM.arv   l.at,..rv.    Ian.: 
^  ou,..s.   ,1,.  ,...,ls  a,ran....l   u.   parall-l.      I„   .....h   Lnu  all 
I..'  ^in.s  ar..  jn„.,.,|  „„..th..r.  an.l  also  all  tl„.  ,.a,l.on,s.    ,,  as 

Ylfau....f,...J,,,n..,MsnonH.n.,ha„tl,atofon......ll    W 

a-rag.  r.s.sta,u...  of    ..„..  ..1,  ,i,i,,,  ,,  ,,^.  ,,„^^/;.^  ^^^ 

'•-n-n,   tho  ...lis  must  1m.  so  ananu,..!  that   th.  intornal 

.•xf-rnal  ..n.nt.  I„  .aut-ry  work-  U  is  v.-rv  s.uall  p,.,. 
'a|.s  not  n.on.  than  .<"-.|.„,  an.l  th.-nW.  ".f  C  is  ;,;  U 
-■..;.  .t  ,s  of  th..„tM...st  i„.,>..Han,-..  to  U.p  r  as  small  a.s 

la..sshoulllHM.s...|.      If  .■v..nlar,..|....|a„.h.'...,., Is,  .W 
""  "nnl  n.s.tan,.,.  ,s  -7  ..].,.,  ,.,,.  ,.,,,  ,„  ,,.^,^  '- 


with  a  ivsistan,-,.  of  (h)  ol„n,  usin^rtlu-  ..quation  G 

'<-t  tlnrtv-s,x  ....Ik  arn.n«...|  in  tw.>  ,r..ups  of  4ht.>:  1 
-lis  ..a.h  .roup  arran.,.,|  in  parall.-l.  This  is  an  imp.-ac- 
^"■'■"''-  ">--•  t..  us.,  ior  th.s  purpos...  and.v.n  hs 
"";"'"•'•  ''  ''-'--'"'•  -ils  wouia  soon  fail  t..  ,iv.  s  h 
aju.vy  ..unont,  on  ac-cunt  of  th.  c.-lls  soon  l,..,' 
ing  po.an.eJ.     J.dan.hO  o.lis   are.    th.rofore,    unsuital.lo 
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for  tl.is. lass  „f  work.   nM,mrin«  h.-avv  curn-nts  ;    an.l  it 
«iM  l>."  fou.i.l  far  „.on.  rr,Mv..ni..nt  to  us.  a  s.nall  l.att,>rv 
'.f  ^..•.•,„„,,latnrs.  whos"  int-rnal  rrsist:.,,,.,.  is  ,..vtr..n,Hv  low 
an.l  th..n.f„r..  ....mM-ntly  a.laf.t,..!  for  this  kin.l  of  work 

Ar.-umulators  can.  nH.n..,v,.r.  ^ivo  o„t  a  hoaw  ...rn-nt 
at  a  st.a.y  rato  for  a  r.„nparativ..|y  lorm  p,n,„|.  'a,,,„„„. 
lators.    wlwn    fully  ,.|.ar,..,I.    „,,,v    1„.    reckon..,!    to   supplv 

n.rr..nf  at  a  pr.vssun.  of  J  v,.lfs  p..r  ....11,  until  alK.ut  7.-:  Lr 
'■'■"•  -f  th..,r  ,har,..  is  ...vhaus,,.,!.     \  Uu.r.U  an.unu.ial..r 
•••^tt-ry     ,.,.u,,l..,l    up    in    s..ri,.s.    with    a    .aj.a.itv    of    V, 
a.np..r.>-hours,    will,    owin^    t.,    ,h,.    ahnost     n..«li.il.l,.    in- 
t-rnal    r.-s,stan...    of   th,.  n-lls,    1...    al.l..  to  supplv  ,.n..u,.K 
curn.nt    for   th.-   lar.-st  sur,M.al  caut-rv.     Its  wM^ht   will 
fH'  about   I'l   II...   an.i   its  cost  aln.ut   £:;   J„s.      In   m.-d.-al 
an.l   sur,,<al    pra.ti,-,..    it    will    I...    f.„„.,l   „„„   ,,.„v..Mi..nt. 
th..r..fon.,    to    us.,   a    l.att.-ry   of  a.-uniulators    for   .aut-.y 
w.,rk.    or   to    hjjht    in.an.l,.s,..Ht    lamps    for   us.-    with    th.. 
'•.ystosro,,,..  ,h..  si;rn,oi,I.,s.-op,..  for  illuminating  th..  interior 
'.f  th..  m..uth  an.l  throat,  or  oth.-r  purp.,s.s.     In  m..st  dis- 
ru-ts  It  ,s  <..,mparativ..|y  oasy  to  ^.t  th..v.  small  arrunui- 
lat..rs  r..,.haru..<l  at  a  low  .-ost  owin.  to  th..  a.lvvnt  of  the 
nH)tor-(ar  havinj;  mad.,  th.  small  accun.uhitor  for  if,mition 
purposf.s  a  (on.parativ.-ly  familiar  ol,j,.,t. 

Secondary  batteries  or  accumulators,     v  s., on.l- 

ary  or  stora^..  ell  is  on.,  whiih  mav   1...  charp-d   from  a 
source  of  electricity  such  as  a  1.att..ry  of  pnmarv  ....lls  or 
a  dynamo.     Th..y  are  usually  huilt   uj,  of  lea.l  plat^-s  ,n 
sots    ..f    thr..,.,    e..rH    secondary    cell    having    on.,    positive 
an.    two  neuativ..  j.lat.s.     Th.-  positiv..  j.lat.-s  ar..  cover..d 
with  a  past,  of  pcn.xid.    of  lea.l.  an.l  the  n..j,ativ,.  plat..s 
w.  h  spongy  lea.l.     The  plates  dip  int..  a  .lilute  soluti.m  of 
sulphuric  acd,  1  part  of  aci.l  to  r>  parts  of  wat-r  ;   an.l  the 
rec..ptacl,.  to  hold  the  plates  may  l.e  of  cellul.>id,  ehouite 
or  had.     Bm.hnp  scn-ws.  with  wir.-s.  are  attached  to  th..' 
positive    and    n..^ati^e    piat.-s.     The    spongv    lead    at    the 
negative  plate,  and  the  lea.l  peroxide  at  th.."i,ositive  in  the 
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M.i.    rl...  tn.lvt...  funn  a..  rl.Mtrir  ell  i„  whi.-l.  »h..  s,,o„kv 
I'M'I  <s  pns.f.vr  i.M.I  tl„.  ,M.roxi<l..  ,.f  |,,,.|  uvu.^tn;'.     \V1,..;, 
tlH'  t,.r,n.n.ls  of  tins  ,.,.11  .p.  jni,„.,l  |.v  .  uir-  fhn.u^h  a.. 
I'-Xtornal   ,ur„,t.    fl.,.,,   a    ,  urr-nt    ,.a.ss...s    f,„,„    ,h,.   .s,M,n,.v 
l.'a,l  thr,.u,-h  tl...  Ii,j„i,i  ,„  th,.  l,,„l  p..r„,i,,,,  ,„.|  „„,  „,r,„„;h 
th.;  p.  ,s,t,v,.  I,„„l,„...  s,r..vv  affa,  h,.,l  ,„  ,|„.  ,„.r,,,„|,.  ,,|at,. 
fhm  .■•11   has  an    KMK  „f  a    littl,-  ..v,.r   -  v..ltH      fn    fhis 
pn.,-..vH  tl„.  s,K.M^rv  |,..,|  ,|,,ss..lv,.s  in  ,1„.  a.i-l  t.,  f,.nn  l,.a,l 
Hulj.hat..,    wlu.h   is  ,l,.,u.Mt,..|   „n    tl...   plat,..    f|„.   hv,lr,.p.n 
con.l.nun^.  with  th-  o.vy,,..,,  ..f  ,h..  ,.,.r,.xi,i,.  ..„  th-  „th.T 
plat...  „n  wha  h  h-a,!  sulphat,.  is  als..  h.rn,,-,!.      Thr  a.-i,l  is 
thus  ^.ra.lually   us-l   „p.  a,„l  its  sp,.,,,!,-  ^-ravitv  falls.  a,„l 
aftvr  a  tin,,,  fh.   v,.ita.,..  „f  th.  ,-,.||  ,l,...,.s  h.h.w   -  •    this 

";■'■•"■'    ^^''••"    ^''"'"^    '!"• 'I>^"t..rs    ,.f    th.    t„tal    ,.|,.,.tn.. 

''^''\'-''   '';'^   ' "   ^^i»l"l'-awn.  a,„l   th..  ,...||  .sh,M,l,l   th.-n   1... 

n'charp.,1  l.,.f„n.  h,.in|.'  us.,!  ajrain.     If  a  ,lv„a.n,.  „r  l.att,.rv 
•.f  l;.r^,.  pntnary  .vlls  is  ,„n,.,.,t,..l  t„  this  l,.a,l  ,.,.||  p.  sitivo 
to  iH.sitiv,.,  aii.l  n,.^'ativ,.  t,.  tu-^Mtiv,..   a.i.j   if  th.-  J'.MK  ,.r 
voltap.  of  th.-  .lynamo  or  hatt.MT  is  .-r.-at -r  than  that  of 
th..  I,.a,l  ...ll.  a  .•nrivnt  will  flow  into  th-  h-ad  n.ll  in  tho 
n'v,.rs,.  .i,r,Mtion.  an.l  th..  ,.ir,.,t  of  this  is  to  n-vrs..  tho 
previous   ,h..nn,al    pror,.ss.    so    that    h-ad    p,.roxi,l,.   is    n- 
formo.l  on  th.-  positiv,.  pL.t...  and  .pon^n-  l.-ad  on  th,.  n.-M- 
t.v...      I  his  ,s  what  .s  ni,.ant  l,y  rhar^inj;  th-  ,..11  „r  acr.nnu- 
lat..r.      rh,.n.  is  no  a.tual  storau..  of  ,.|,...tri,itv  as  su,h.  I.ut 
tho  work  d,.n,.  l.y  th,.  .haryin^'  ,.|,.i.tri,.  .-unvnt  ,ausrs  a 
fh..ini,al    .hss,„-.ation    in    th,.     storaj;,.     ,.,.||.    so    th.t    tho 
••l"""'>'al  aflin.ti,.s  of  th,.  spon^^y  ],,,d  and  jH.roxi,!,.  of  l-ad 
with  th,.  dih.t..  sulphuric  a,.i,l  ar,.  a^ain  availahlc  for  com- 
I'lnati.m.  u.th  th.'  a.v.m.panyin;:  .-volution  of  an  oK-ctricai 
curn.nt.     It  will  I.,.  „„tic.,.,i  that  th..  ano,«,.  or  ,„  sitiv-  plat,, 
an.l  th..  katho,h.  or  „,.^rativ,.  plat,.,  atv  so  calK-d  hocause  the 
hind.n.;  m.vws  an,l  wir,-s  atta,  h.ci  to  th-m  in  th,-  rxWvml 
oirouit  an.  r.  s,,..ctiv,.|y  positiv,-  a,;,l  i„-^ativ,..  tlum^h  in  th,. 
(-,'11  its-,-il   th,.  so-,all,,l   n.-^ratn,.   pLt,-.  or  sjk'u.l'v   I,-:..,|     ,« 
pcisitiv,.  to  th,.  jvi-oxi,!;-  plat,.. 
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A  MuTAHv  c-ll  irt,  thrn.fon..  .Iin-rtlv  (••niparaM,.  tu  a 
I..TlHtuh.'  .•.•II.  in  wl.i.h  fh..  zi...-  j„  th.'  .-..11  is  ,M  .sitiv..  f., 
fl..-  .arl..,n.  th.-n^-h  tli.-  I.iri.ji.iu  .s.r.-w  aii.l  win-  affa.h.-.l 
»<•  fli.'  /in.'  t.-rniirial  an-  n.'^ativ.'. 

Fur(h..r.  a  L...lai..h.'-  .Iry  .  ,.||.  if  n-.-.-i.tlv  run  .|„w„   n.av 
Ih-  r.-.l,arK.'(l  ju«t  lik,.  an  a. .  nmulat.,r  .■.•It.  usiny  a  .Ivnaino 
•  iim-nt  or  sfr..n^.  primary  Latf.Tv  f.,r  fh,.  pun>n,M,..     [f  fh,. 
<.lls  hav,.  .lri..l  iij),  ar.,1  th.-  ,urr.-nf  ,ann,.t  1...  n.a.h.  t..  i.,  hh 
if.t..  th..m,  sfan.linu  th.'.n  in  wat.-r  .h-.-p  ,.,„.„^,h  t.,  ...v.-r 
th.'  ,.p,.n  v.'nt  hc.l,..s.  f.,r  a  .pmrf.r  ..f  an  h..ur  ..r  nu.r..    will 
.  ornrt  f  ho  d.-f,  cf.     This  kn..wl.-.lj;..  mav  U-  „f  us,.  t„  th,  s. 
wh..  us.,  a  ,lry  Latf.-ry  f.,r  uaivanisatic.n.  or  for  lijihtin^  a 
small  h.'a.l  lamp,  such  as  th.-   '•  Kv.-r   K,.a.lv."   f.,r  throat 
or  ..ar  .'.xaminatior.s.     This  instrum..nt  is  a  v'.-rv  han.lv  «n.l 
•-M'pu.t  form  of  h..a,l  lamp,  titt..,!  with  a  7-volt  lamp  an.l 
'Inv.'n  l.y  a  small  l.att.-ry  of  fiv,.  .Irv  ,-,.|Ls  i„  «,.,i,,,    i„  „ 
l<-ath.-r  ,as...  with  j.lu^  atta.  hm.-nts  ami  wiring;      The  fiv,. 
••"lis,  wh..n  n..w.  hav,.  an  EMF  of  TT.  v..I»s.  an.l  li^ht  up  th.. 
lamp  l.nll.antly  ;    hut  aft.-r  r..p,.at...l   us,.,  or  in  a  .-oupl,. 
.'    months  If  th..  instrum..nt  is  n.,t  nuah  us,..l.  th..  v.,Ita^M. 
of  th..  colls  falls  l.,.|ow  7.  and  th..  lamp  now  ^riv,..s  insufli- 
'icnt  l,f;ht.     A  now  sot  of  colls  c  sts  half-a-.rown,  hut  th.. 
voltaf;,.  of  the  old  colls  may  Ih-  ,,ui,klv  ro,„.w..d.  ai  ,1  th,- 
lamp  r,.Ka.n  its  hrillianco,  if  th..  ...ILs  arc  n-charMod  as  th<.u>rh 
th..y  were  an  accunmlator.     I  r..<harg,.  min...  wh.-n  n,.c,.s- 
sary,   from  my  wall  apparatus   f.«r  usinp  th..  .lir,.ct  main 
«urr..nt,    praduatinfr    tho    volta^o    l.y   tho   sliding   rhocstat 
until  a  ,urr,.nt  of  i:.u  ma.  is  shown  on  th..  galvanom.-t^T 
J  .-for.,  tho  wiros  fn.m  tho  main  apparatus  ar,.  join,,!  on  to 
tho  colls,  care  should  h,.  taken  to  push  tho  sliding  spring 
cf  th,.  rhocstat  sufliciontly  far  to  provi,le  an  available  voltage 
ai)proximating  that  of  the  cells,  or  else  the  c,.ll.s  will  at  once 
<l>s.hargo  in  a  shcrt  cinuit  through  tho  api)anitu8  at  a  rate 
i>     p..rhaps  several   am,.r.r,"s.     Th..  sli.ling  spring  conta.t 
N  K.u.d  rlu-i,  1„.  ,nov.  .i  ha.kwanis  or  forwanls  so  as  to  hring 
the  n..,.dle  of  tlie  galvanometer  to  zero,  when  the  voltage 


no 


i;m:(tri('.\i.  tkkatmkxt 


;      l-.OIs.n.lnf,|M...har,„.,,.,,,,,,,t„.ar..i,M.<p,ilil.n,,,„ 

f  n..,.. -lis.  , I...  lutN.r.v  ,,f  ...11.  ,,,,,,,,,.  ,|,s..on, f,..lf,.,„ 

''"•  ^^"•-  J-.n.ntr  .t   t,.  ,|...  .  f,.,,-,n>r  ..,.,Mn.t„s  |,..for..  tl.. 

••--...  .sturn...l..,ro,...U,|...vH,lll...sl.nrt.nr,.uif..l      If 
"    ''''♦•<ry    l..r    u,.lv.nis.ti,.n    is    l,.-!,,^    ,....1m,.,.,|    i„    „.,s 

«;.y.    Its    t.Mlv.,.,„MH.T   .slu.uM    (i.sf    |„.    ,ak..„    ,.„t    .,f   ,1... 
•  in  lilt. 

.\....i,M.ulat..,s     I..V..     ,.n.,.t,..:.||v    ,     ,„.,,;,),,,..     ;„„,„,, 
r.Msta,„....  .,,.1   ,|,..v.n.   .l...r..f..n.  ,..v,.,.|l..,.tlv  ..|,.,,t...|   ,.,p 

"•'"'••ry   w..,k.    ul,..,..   ,    ,...,vv   .iMivi.t    |..HtM   1 nv,.,. 

tl.rnii,.!.  a  v..nl..ur..s>.st.,,,...  in, l......x,.,,,...|  .,,..,.,..     '|Vir 

-I-ity  ,s  .p„k.„.  „f  M.   t.Tms  ..f  -.„.,,.,...I,o,Ms,"  l,...n, 

tlH"  rat..  ,.f  .I,s,.l.arp.  i„  amjH-.r.s  muln,.|,...|  l.v  ,h..  ni.,nl...r 
«>l  hours  It  <aii  l..>  inaii.taiii.d. 

''Vv.iust   I...  k..!.f   v.Tti.al.  ..,•  ,1...  a.i.l  will  spill    anl 
tl>ry  must  n,.t   I.,-  j.,|,..,|.  ,„.  ,1...  plat...  ar.  li.M..  /„  hn-k 
orth..p,.roxi,|..of|.,,M.slial.|..,..|,.....,,,.^.,,,,^,,,^^^^ 
1-H.t.v..   plat,..      La.stly.   tln-y  shoul.l   n.-v.-r   I...  all..w.,I   to 
•-'""■n  lon^.  •„  an  u,Mlis.har,...|  stat...  as  th..v  tlu-n  rapi.llv 

•l.-t.-n.M.at...     Th.-ir  KMF  and  ..pa..ity  inipr;...  aft.r  th..;- 
mv  l.....„  ,.1,.,,,,.,,  „,,  ,,i„„arp.,l  s,.v..ral  tini.s.  owinj,  to 

'^;"  "Krva.s,.,!  f.,rn,atio„  of  sponj^y  l.-a.l  on  tl...  n.^Mivo 
platos  ;  an.l  th.-y  aiv  k.pt  in  tl...  I...st  condition  if  th.-v  .r,. 
n.  .•on.stant  st.a.ly  us...  and  aiv  .....har^.-d  a.s  .soon  as 
tlK'ir  voltaa..  falls  i„.l„\v  I -.s  volts  jmt  ...ll 

For  tlH.rap..uti,.  n.,  tl,..  .alvaniV  ,.u'rr..nt  will  1...  |„  ,t 

oU.nu-a  from  a  Latt-ry  of  ,lry  ,.,.||s.  whi<h  r...,uir..s  no  at- 

.M.t.on   on   ,1...  part   of  th..    ..s.-r.  an.l   whi<  li  will  ,mv..    u 

hm  cunvnt   with    n.(:d..rat<.  daily   us,.    f,.r  al..M.t   a    v.-.r 

\MH-n    .•xi.ausi..,!.   ,|u.s,.    ,.,.||s  will  hav,.  to  1...  ivpla.vd    l.v 
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iiri.'i  s.^  tlnir  \n!tiii.'f  ,  an  \< 


l.-li.-wn|  iiH  .!.>.  nl.Ml  al...v...  so  that  a  l^ffriv  ,.(  f,.itv 
«"I!h  will  r.  .f  ahoiif  i;;  y.-aiiv  to  r.-n.-w,  il  ,.,  f;„.iv  mnstaiit 
'iH«'.  Tl..  fanidir  haft.TV.  o„  tl.r  ..th.r  ha...l"  m  i„u<  h 
•  li.'afMT  t(.  run.  ;  s  th,.  n-rirw,.!  of  tlw  two  larp.  ,..|N  ,,- 
•|"<r.-.l  to  ,lriv..  tlH"  ,o)l  will . .  >t  onk  :.,.  ov.tv  .six  or  fw..|v.. 
innrif|,>.  a.  ronliiii;  to  fl..'  aiiioiii.t  ..f  work  .Imiar.lr.l  of  it 

Tests  for  polarity.-  .Ml  ^-alvai.i..  I.att..ri..s  sl,o„!,i  i... 

ir.arkMl  l.y  f|„.  rrak.T  so  as  t,,  „H|„at.-  th.'  si^n  of  tli.- 
'••••HrMlrs;  that  is  to  say,  wl.i.  h  LiiwiinL'  s,n-w  is  nr^a- 
tiv.-  and  whirl,  [HMtiv...  Sin...  th-  zinr  is  th.-  r|...fro- 
|.<Mtiv..  .•Irn...nt.  th..  /inr  .lissolvini;  in  th.-  solution,  whil.- 
th.'  .urr.'nt  (lows  in  th..  .vll  fr.„n  tl...  zin.-  t..  th.'  .arl^.n, 
It  I.H  ..l.vi..us  that  th.-  .uin-nt  l.-av.-s  th.-  I.att.-ry  an.l  ..nt.'rs 

th..  wir.  s  .,f  tl .vf.Tnal  .inuit  from  th.-  <arl...n  or  n.^-ativt- 

<'I'-Mi..nt.  whi.h  is  th..r.fo...  atfa.h..!  t..  th.-  {..  sitiv..  ..l..,- 
tr.,.1..  :  whil..  th.'  yim:  whi.h  is  th..  p.  sitiv.'  ..h.ni..nt.  is 
atta.h.d  t.,  th.'  .i..^-ativ..  ..|..,f  r.  ,1...  Tl...  zin.-  t.-rniiiml  of 
th.'  hatt..ry  will,  th.'r..f..r.',  I,,,  n.ark..!  l.y  a  n.-irativc  .siL-n. 
-.  whi!.'  th.'  carhon  t.-rniinal  wili  1..-  niark..l  l.v  th..  i..  si- 
tiv.. si)»n. 

It  i.s  always  wis...  h(.w..v..r.  t..  t.sf  th..  hatt.-rv  (.n.- 
M'lf.  ..nd  not  t..  tr,!,-  .  airvly  t..  tl...  instrunu.nt  n.ak.'r. 
and  to  t»'.st  tl.f  poles  i.s  .|uif..  a  sinipl..  niatt..r.  On.,  way 
IS  to  fonr.t.it  two  wires  to  th.'  Iiindinir  .s.  ivws  of  tl...  hatterv, 
and  aft.'r  turning  on  tw.'Uty  ..r  n...n.  ...lis.  dip  t}..'  two  fr.'.- 
.'luls  of  the  wires  int..  a  tun.l.l.'r  of  wat.-r.  h..ldini;  th.' 
p..ints  ahout  \  in.  h  apart.  Tl...  p<.int  whi.h  l.ul.l,l..s  ni.  st 
IS  the  negative  .l.-.  tr.de,  a.iid  is  that  atfa.h.  .1  t<.  th.-  zine 
el.'inent  of  th.'  Lattery.  This  l.ul.l.liny  is  du.-  to  th.'  ..volu- 
tin of  hy.lrof;.'ii,  owini.'  to  th.-  deeonip.  sition  of  the 
water.  l'n!..ss  platinum  or  L'.i.'.i  el..tri  .les  are  ii.sed,  th.-r.- 
will  1...  no  l.uM.hnL'  of  ...xy^'.-n  at  th..  }..;.sitiv..  el.'ctr.  .!.•, 
owinj.'  to  the  oxidation  of  tlu'  metallic  j.oints. 

An.,ther   eonveni.-nt   way   .,{   U-^tivu   t\       ;,oi,-s   of   ,h.,. 
battery  is  to  us.,  a  pi.'c  ..f  j.ink  litmus  pajHT.     \\  h«.n  the 
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'""'"^  -^   in„st..n...|     il  tl„.  two  f, ,HU,.f  ,i„.  ,,i,,,,  j,,^.^ 

"■""""•'"■''  •""'■•   '""••'■.^    ^nv  plar...l  ,,|„M,f    -   inrh  Mp.rf 
"I»">   tin-   wrf    |„„„H,   ;,|f,.,-  tl,r,nnt:on  .-.    fow   r.-lls     t\w   M.'Kl- 

nv,.  ,.|,.,.fn„|,.  v.,!l   „.,k,.  .1    |„.i,,ht   1,1,,,.   ,„,,rk  ..n  th.  pink 
Im-i,,..  ouiMjr  ,„  ,i„.  ,.,.o,l„<.ti„„  „f  ,,ikali  at  tl...  n.-uMtiv,. 
,"■"'"'"•      '^""il^Hly.    a.i.ls   .uv    pnMli„-,.,l   ,,t    tli,.    ,,„.,tiv(. 
:-l'""'"l".    wl.i.l,    funi    1,!,,,.  Ii,,„„.  pi„k  :     lM,t   tl...  rhnnar 
'"/■"'"'"•    '-^    ""^    "'■^"•'.^-   •-■•    pn..i.,iinr...l    as    til..    I,l,„.    ,lis- 
•"'"'■■'^'••"   <'f   tl...   pi„k   litMu.s   l.v  tl..-    n..L'i.tiv..    ,.l,.,.tro.l.. 
\M.-n   on-,.  tl„.   haft.-ry  h,s   I,..,.,,   fsf-.l  an-l  t! -.  poi..,s 
^T..  .•,„T....tly  ,„,,k...l.   it   ,s  imp.s.il,!.   f,„.  tl,,.   „„l;n-ity   to 
'""•'""•■  <'li;iMi:,..|  „„tii  tl...  l.att.Tv  is  taken  to  pi,.,'.,..s  and  tho 
•"'l-^    r-„..u,.,|.     ff.    |,ow,.v..r.    ti„.    ,.l..,.tri,.    Imht    main    is 
'i-^"«l.    .v.hi.inir    th..    v..lta,.r..    tlir.Hi-l.    a    shunt    resistamo 
""•"    ""■    P^'lanty    of   fi„.    hin.linjT   ,s<t,.ws    for   th.-   atta.'li- 
Mi.'i.t  of  th..  ..!..,tro.l..s  niav  .-asilv  h.-nun,.  chanp.,!    owin-r 
t'.    th..   wall,,!,,.  att„hni,.nt   havin-   !„.,.„    turn..,l    umnS 
unless  It  is  ..I  th..  ..hl-fashinn.'.l  ..on-'.-ntric  pattern. 

Effects  of  galvanism  on  the  skin.    Th,.  a.tion  of 

th..   two   poles  on    th..   skin   and    tissm-s   is  s..m..what  dif- 
f-rvnt.      ff  the  win-s   1,,.  attaeli..d   to  two  ...pial-siz..d  ..|,.(- 
"•■"l-s  nl  al.:.i.t    I   in.h  .liainet-r.  aii.l  a  .•iinvnt  of  J  to  ;; 
ni...    !mss..l    afte,-    applyin-    th..    n...ist«.n..d    elt.ctrod...s    to 
tl".   skin   at    ,1    f,.w   in..h..s  apart    from   <.aeh   other    it    will 
!.<'  M..ti.v.l  that  tl...  n.-.uative  .■l...tro.le.  .,r  katho.le.  is  mu.h 
th..    m..r..    painful    of    the    tw...      ff   the   ,.h.etr.„l..s    he    left 
•■l<'s..|y  appli.-,|  t..  th..  skin,  and  a  nirrent  ol  that  nia-mi- 
tu.l..  passed  .•oi,tinn..iislv  for  half  an  hour  or  tnore    proh- 
al.ly  .■l...tr..|ysis    .,f    th..    skin     will     take     plaee  •    on     re- 
moving:   th..    ..l..,tr.Ml..    .„„.    or    m.,re    s.,r..    plac-s    will    he 
fo.m.l.    ul...rs  whi.h   take  a  e..ns..leral,le   time  in    lu.aline 
n.is  IS  mor..  Iiahl..  to  ...•eur  if  th..  snrfa.v  of  the  el..,.tr.,d..' 
J.r..ss..s  „n,.v..nK-  .„,  th..  skin,  a  n-sult  which  is  verv  com- 
mon  fr..n,   iM-n.lin^  of  the  ,.|....tr...l...  or  from  a  depression 
in  the  plat..  ,.h..tr...le  ocurrin^  at  th..  pomt  of  attaehment 
ol    th*.  iMiahn-:  seivw. 
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iii'vcr  Ih'  allow. (1  to  roiicli  till-  skin, 
iiri.l   ;.ll  .•l.'.tnd.s  slioiil.l   haw   m.-tal  surfa..s.   whi.li   .an 
I"'  covivd   wifli   pa<l.|..l   w.'l.l.in.u'.   o,   ,li  niiois   l-athrr.   .r 
other    a!.soiI„.r.t     niat.-rial.     This     pa.Mr.l     cov.t    to     the 
el...-tn..l..  s-rv.vs  two  purprK..,.  :    first.  I.y  n-taiiiinir  inoistwr.". 
It  inakrs  jrood  .■l.vtri.aj  ••onfa.i    iM-twi-cii  tlir  ni.-tal  of  the 
•■Icctro.l..  and  the  skin  :    and.  s,.,..i,dlv.  it  pn-v.-nts  hnrn- 
inu  f.f  th."  skin   t..  a   u'rcat  oxtrnt.   thf  .'Icf  roK  tic  action 
taking'    [.lac."    in    th-    moistun-    ..f    the    pa.l    instca.l.     The 
w.'l.l.inj,'  ..r  chauK.is  h-ath.-r  surface  of  the  ..j.-clrode  sh.iiild 
l.e    nia.le   .Msily    removal.l.'.    an. I    shouj.l    he    chaii).'.-.!    fre- 
•piently.       One  irn-at  danL'.'r  in  u^um:  old,  worn  p.nl  .dec- 
tr.i.l.'s  is  that  a  corner  of  th.-  m.-tal  .lis-  or  plat.>  in.iv  ...m.' 
in  contact  with  th."  skin,  an.l  if  a  .•ontini,o.,s  curr.'nt  <d'  any 
strenirth    is    l.."iim    empl..y...I.    ai-.l    the    pad    is    not     hem^ 
nu.v."d  al.oiif.   a   .sev.Te   l.urn   will  <|iiickly  o.-.ur.   for  prac- 
ticalK-  all  the  .iinvnt  pa.ssinj;  tiirou«_di  th."  [la.l  will   th."n 
rush  through  th."  e.vpos-.l  m.-tallic  contact  with  the  skin, 
(.winp  to  th"  fir  .small, "r  res-stance  at  this  spot.     If  th."  elec- 
trode lie  allow.'.l  to  r."niaiii  in  contact  with  th"  skin  for  s  .mo 
minutes,  the  skin  will  l.e  h.und  afterwards  to  he  l.right  red 
from  dilatation  of  the  ,sup."rfi.  ial  v.-ss-ls  ;  and  if  the  current 
•l.'nsity  he  too  great,  tlien  after  s.m."  minutes   small  y."liow 
Misters  will  aj.p.'ar.  whicli    hreak  d..wn  into  ulcers  and  are 
somewhat  painful  and  trnuhlesi.me  to  heal.      The  pati.>nt's 
sensations  are  not  always  suflicient  truide  to  what  is  ocurrin.,', 
and  though  he  will  prohahly  f..,"l  considerahle  di.scomfort, 
he  may  not  draw  suliicient  att."nti(.n  to  what  is  happening 
until   it  is  to.,   late.     When  passing  a  continuous  current 
of   ;;    ma.    ..r    more    throuirh    p.uld.'d    el.'."tr..«les    f..r  more 
than  fiv."  minut.'s,  it  .slu.uld  always  he  made  a  rul."  to  in- 
spect th."  skin  under  the  el.'ctr<id.>s,  .'sp.'cially  the  negative 
olectrrxle,    ."very    f.-w    miiiut."s.    and    if    any    suspicion    of 
blistering  is  s-'en  th."  el.'ctrod,"  must  he  moved  or  the  tr.«at- 

*     11      '•         ^"    t  i.n.iu     s.ilcn.    1    ai»\a\.s    u.se    ii    pad    ot 

wetted  cotton  wool  between  the  electrode  and  the  skin. 
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"■'""■   ';,'"-   '■'^'" '   '"   l""^i""M.   ir.v..nal,K-  ,lrv   ,„..,v  „r 

i"-  ...i'"lK    ln..n  tl.-  w.nnthol  ;|,..  ,!,„,  ;,„i„„.r..f..n.  k 

^^■'"  '"'"•■'"-"•y-  w,.Mh..  ,>.,ls..ain..v..n-s>xors,.v..„ 

"""-"-     (l.amo.s    |...,l,..r    w,ll    1.    Unuul    u,    r.Uuu    tl..- 

'""■^t-Hv  In.....,-  ,)..,.  (LuuM.l,  wlH..h  ,s..o„  .Iri-s.  an.l.  wh-n 

"••^^■-  "•"'.i.'l  .ownn^r  to  plat,.  ..]..(tn„l...s  will  hanllv  .vtain 

""y  "x.i^t.uv  at  all    o,.  an-o.a.t  of  ,1...  .n-asv  .In-ssi,,.  r.rc- 

«•'"<  n,  th,.  ,nar,.nal.       This  shouM  1...  wasl  -.i  out  witli^so.,, 

u/id  watfi-.  "^ 

-\s  i.   Mil-.  Lot   uat.T  is  all  that  is  nfH-..ss:,rv  for  w.-ttin.' 
'"■  •■'-"•-I- :    l-ur  in  .as.  th,.  ..Wtromotiv,:  for,...  of  th.. 
'MH.Ty  shoMl.l   I,.,  s.an-lv  sum..i..nt,  th,.  .vsistaru,.  of  th. 
sk.n    n.ay    I...    f,,,,!.,.,-  .lunnu.h.,!.   an.l    th,-   .Mm-nt   .■onv- 
s|.|.n,lM,„v    n,..n.as,.,l     Uy    w.tt.n,     th-    pa.ls    w,th    strong 
"  ;"":  ':'  ^'^'•'•""  '"-'■•"•..at...     Th,s  ,s  l„.tt,.r  than  usu.: 
-It   soh.fon.      .\f,..,  a    ,„.i  „,,.,,,,..|,.  has   I...,.,,  in   j.os.t.on 
'"••-".."    nru...   an,!    th-   .oMtn.uous   ,„nvnt    ni.uun.     th,. 
''""'-   "'    "'•'   (•-•    ^v'll    '••'  a,-.-ou>,.ani,.,l    l.v  a    fall   Tn    th.- 
";"•""""'  ••".■.-..'  I'^.s^i.'^.  a,i,ly..tattlust,m,.  th..  ,Mti,.nf 
;;,";". '■•;"'!'l''i..^    «.l-   a    l.umin.   s,.nsat,o:,    un,h.r   th,-    j.a.l 
"..^^  .s  .Im-  to  .o„„n,.M.i..ir  .•l..,trolvsis  of  th,.  .skin,  owin.' 
t"   tl."  .lisa|,,.,.aian,-,.  of  th-   nioist,,,-..   f,„„,   th-    ,,a,l  •     th- 
'■"""••^y  ^^''l  '"■  to  a.a,n  w,.t  th..  ,.a,l  tl.oro„.hh,    Alth.'-u^lt 
•y  thiis  ,lin,„ushin^  th,.  r-..istan,.,.  nu.tv  .-nnvnt   ,s  aUow-.I 
'•  I'^.ss    y,.t   th,.  ,,ro..,.ss  of    ,.|,.-trolysis  is  f i-ansf.-rr-.l  fi„n, 

'"■  Miila,-  of   th-  .skin  to  th-  int,.iio,.  of  th-  pa.l,  an.l  th- 
blinimg   s-ii,s:itioii    c-as-s. 

ft  isof.soM.-„n,,o,tan...  to,-.,„-ml...,-that  th-  amount 
*'  I''""  l""<t'.«<'.l.  c.i>  th,.  (h.ni,,.iof  huininir  of  th-  skin  l.v 
tx'  l.assa.r,.  ,.|  :,  ,.,.ntinuo„.s  ,unv„f,  a..j.-n,ls  vi.rv  lat-,-!;- 
.'!'-..  th..  s,.,.  of  ,h,.  -h...tn.h.s  uhi..h  ar..  in  .onh-t  with 
tt.<'  skiii,  th:,t  ,s  to  .say,  lipo.i  th-  ,/o..sv/y  of  currnU  ,.-r 
-luar-  ,n..h  ..f  ..i.,,,,.,i,..  As  a  fou^h  m.^isiir-.n-nt.  not 
pn't.an  1  to  ■  ^  n.a.  of  -u„vnt  p..-  ,s.,uaro  ind.  of  ..ur- 
■""  "'  '-'"■.    «'l.vti...i..  «h,.„i,l   i„.   „,,,j  j„j.   uvnUm.ut    if 
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<  iiin-rif   I 


S     illl(l\\C( 


1   f. 


iiiii  sf.'.idiiv  without   nioviii"  tli 


'•''■'•"•«..l-s.  Fur  ...\air.i.|.-,  il  two  t|,f  ,.|,Mtn..|..s.  rarh 
'>  i"«;»i<'s  l.y  I  i.i.hrs.  ..r.'  iismI  iti  fl„'  tn-atni.'nt  of  a  case  of 
s.-iitica,  l.y  applicafi,,,,  t,.  tli.-  Luttock  an<l  1.'.;,  tli.'ii  not 
much  ,non.  than  I'l  ma.  r.f  .•lun'nt  should  !,c  cnplovd. 
Oil  the  upp.T  extremity  not  more  than  half  this  amount 
shouM  he  ex.ee.l.,].  \Vh,.„.  however,  there  is  a  larye  area 
"f  skin  coiita.t.  as  in  Apostoii's  method  of  ele.-troFv.sis  of 
uterine  fihrnids.  in  which  a  lari^e  w.-t  chiv  e|ectn;d.'  is  apj.lied 
to  the  front  of  the  alMlon.en  for  the  positive  pole,  a.s  much 
.'>  I'""  nia..  or  even  more,  have  been  used. 

Ai/.iin,  if  the  patient's  hody  is  immers-d  to  the  ne,k  in 
an    (dectric    l.ath.    much    laryer    currents    mav    he    passed 
throu-h  the  hody  with.uit  -ausiny  any  pain  "or  injurv  to 
til-'  skin,  than  can  he  passed  through  an  electrode  .;  inches 
I'y    t   inches.      In   an  eh-ctric    l.ath   the   who],,   area  of   the 
skiM  in  contact  with  the  water  acts  as  an  .  ' -.-trode  ;    ami 
tlM.u^di  the  parts  nearest  th,-  metallic  eie,.ti„  ;,.  which  c.n- 
ducts   the   electricity   from    the    battery   to   the   water   will 
receive  a  irr.'ater  density  of  current  in  proportion  than  the 
|>:<rts  of  skin  more  distant,  yet  a  larije  .pmni..v  of  current 
may   he   passed    throu-h    the    ho.Iy   without  the    lensitv  of 
<urrent  j)er  s.juaiv  iri<h  of  skin  surface  approaching  that 
"f  1  ma.     On  the  other  hand,  when  the  electrode  surLe  in 
contact   with   th,-  skin  is   made   verv  siuall.   then  u  small 
strength  r.t  current,  as  shown  on  the  fxalvanometer,  mav 
eause  severe  pain.     In  an  .■xtreme  case,  as  in  usiny  a  needle 
electrode   f<,r  eh-ctrolysis.    if   the    negative   electro,h.   is   at- 
Uched  to  the  needl..,  an.l  the  po^nt  ap,)lied  to  the  skin,  tile 
passa-e  of  even  ^  ma.  of  curnrnt  caus,-s  a  sharp  pain,  like 
the  stinj,'  of  a  wasp. 

It  must  he  rememlien^d  that  th.'  iiejrative  ehrtrode  or 
kathode,  is  the  more  ,>ainful  of  the  two,  an.l  it.s  action  is 
more  stimulatiny  than  the  positive  electrode,  or  anod.-, 
which  has  certain  sedative  pioperiies.  The  ne^ativc' 
electrode   is  the  stimulating  electrode,   and  cau.ses   brisker 
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"'"-•'."•  '-.ntr,Mi,„ns    tin.n    t|.,.   ,.,,,.1,..     Th-    n.....,iv,.   is 
••'^-<lH•..•t;u...^...,^.,^.vvlu.l,  is,,...!;-,  ,l,,...|....tn.K-siHof 

""''"•''/"•""""••'-'    "'••   "-f"ll..'       .).■.'.   that   hav..   to 
n--.Mv..    tlu.    ooati,,.^    with    .s.lv.r.    ...M,    or    ni.kvl.     Thrso 

'"  "-""•     -f    t'-    -.,..„    of  tl...    ,.o„s,,..Mt     n.nvnt    on 

---..I   mu.l.t.s.u...  .n.I  w..  shall  ..,.,t,.nf    o.ns.lv.s 

'^•'    'f-nlM...     ,ts     ,.fy..,,s  .s     inus„-,,t...l    iM     „..,.,i,,,,, 
iii'atiii"i|t. 

Effects  of  galvanism  on  muscle.    U  th.  <„Mti,n,. 

^-— i.m.nt  h-  a,,;,l„.,|  ,o,h,.  skn,  l,v  m-ans  of  „,oist,.n,-.I 
•■'■'"•'kI.'s   an.la.um.ntof.|.out   I  or  :,ma.  f  ur,,...!  on    at 

.\''''  '•'•••'''•'''•'<■  api.n.atioM  of  th.M.,.rn.Mt.  a,,.l  for  as  h.nu  as 
't  Pass-s.  will  l„.  f..|,  ,  ,i,,rp.  stinjrinL'  s..„s.,tion  or  ...ntl. 

Pn''k.n..  ar,..rdin.  ,o  ,!,,.  d..nsitv  of  th.  n.rnw.t  n..- :,„a^ 
'"■''  "  '■''■'"•'"''■  ■""^^"•'  ^vith  ,h..  skin,  ff  on.,  of  th.. 
;'l-tnMl..s,sasmall,li..  of.l,,,,.,    ,   i.a-h  in  diam.trr.  ami 

if  .M- a,.,.lM.,l  to  th,.  skin  ,.v..r  th..  motor  point  of  a  mnsH. 
;  tl'.it  IS  t..  s.y.  ov..r  th..  point  wh.'r..  th..  n.-rv..  s,n.,,lv- 
...ir  a  n.nsH,.  ..nt.-rs  it-  ..t  th.  mom..nt  of  .onta,./  of 
♦•"•  •■l..,tr..,h.  w.th  th,.  skin  th..  n.usH..  will  ..ontrac-t  with 
a   sliMr,.   fwit.-h.   an.l    th.n    will   n-n.ain   .j„...s:-,.nt 

■^"•";>'^'t'tl..-n,us.|,.twit.h..satth..mom..ntofapn!i,.a- 
lon  of  th..  w,.,  ..I,..,r.Mh.  ov..r  its  n.otor  point,  v.t  it  is  not 
tl.rown  into  a  s.ri,.s  of  contr a.-tions.  or  t..tanus:  as  happ..„.s 
whon    tl...   ,nt,.rn.p,..,l   or  fara.lic  n.rr.-nt   is   „s..,l.     Whon 
<l'"  <'l<'C'tro.h.   is   r..nu.v,..|.    th..r..  is.   as  a   rul..    no   visible 
'•"Mtr.H.t.on.  I.,.,  ans,.  with  a  normal  mnsd.  thoro  is  no  visible 
.•nntra..t,on   prn,l„....,l  ,t   th..   break  of  th..  ..urn.„t.   unh-.ss 
tl...  .urn.nt    ,s   very  powerful     too   powerful   to   be   borne 
lli"   r<"'t'^'<.t,on    pr.Kl„e...l   at    the   moment   of  appli,.ati,m 
of  the   ,.„rrent    is   ..all.nl    ,he   e.mtraetion    "at    make."   or 
ivU.         I  hat    pnuhu.vl    at    the    bn-ak    of   the    eurrent    is 
known    as    fh..    (.p..iMntr    contra. 'ti..!,.    or    KOC;     KCC 
kath.Klai      closure     n.ntra.ti.ui.      whil.'      \VV  '.-.    ano.l;  1 
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ro    r.Hitra.tioM  ;    KOC    =  kath.-,lai    op,.ni„«    ,„„tn,.- 


modil 


ojX'iiinj;  coiitractioii. 


closu 

'ion,  and   AO( 

With  normal  mus'l;',  the"  c.ntraition  i.r.Mlu.-.'d  l.v  tho 
Hosure  of  the  curn-nt  at  the  katho<lo.  K(V.  j.,   ,l,.,.id,.dlv 
str.,„Ker  than  that  produced  hy  th<.  closure  of  tho  rurn-nt 
at  th..  anod,..  A(V.     This  is  usually  written  KCC  >  WV 
As    has     just     l,een     siid,     with    "ncrmal      muscles     the 
openinp    contractions     KOC     and     AOC     are     not     seen 
except  with  powerful  .urrents.     Persnnallv,   I   never  use' 
nor  do  I  advise  the  use  of,  a  special  "  t.-stinc  electrode  " 
with   an    interruptor   on    the    han.lle.     This  interrupter  is 
very  hable  to  fail  in  its  insulation,  so  that  the  patient  is 
likely  to  get  a  full  shock  of  current  at  a  moment  when  the 
operator  thinks  it   i.  not  possible  ;    and.   again,   with  an 
interniptor  on  the  handle  the  operator  himself  is  verv  liable 
to  get  a  shock  in  his  fingers  when  least  expecting  it.     More- 
over,  when   testing  electrical   reactions  with  it    it  is  less 
suitable  than  an  ordinary    electrode,    because    with    faint 
muscular  contractions  in  a  degenerated  muscle  it  is  verv 
diflrult  to  tell  between  a  small  contraction  and  the  slight 
jar  given   to  the   muscle   by  the  slight  movement  of  the 
Hectrode  in  the  action  of  moving  the  interruptor      It  is 
much  better  in  muscle  testing  to  hold  the  electrode  firndv 
on  the  point  to  be  tested,  and  to  interrupt  or  reverse  the 
current  at  the  batt^'ry. 

The  interruptions  of  the  galvanic  current  are  best  done 
by  moving  the  first  handle  of  the  double  collector  on  and 
off  the  dummy  knob  which  is  unattached  to  a  cell  •  this  is 
usually  the  second  knob.  If  there  is  onlv  a  single  collector 
handle,  with  a  combined  battery  the  galvanism  is  best  in- 
terrupted by  moving  the  De  Watteville  switch  from  (i  to 
J',  and  vwe  rersci,  or  with  a  plain  galvanic  battery  by  break- 
ing the  connection  at  one  of  the  binding  screws  bv  moving 
the  electrode  wire.  Although  the  weak  currents  of  medical 
batteries  do  not  produce  tetanic  contraction  of  normal 
muscles,  but  only  a  twitch  on  closure  of  the  current,  this 
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'"'■•  'l""s  nut  ,,,.,,K-  to  ,M.Ns,.rlul  .unvnts  ,.t  Iul'Ii.t  v..lt.,.'r. 
-..t  lu.,a„.|  .>u>  v.lts.  sm-l.  .s  an-  su,.,,l,...l  l.v  ..|...nir 
iij-'l.tn.i,'  (•o,„,.uu,.s,  or  tin.  .;.«,  to  .V.u-volt  nim-nts  m,,.- 
Pl'<'<l  to  fl...  t,oil,.r  w,n.  or  thinl  r.il  of  .-Ir.  tr,V  tn.n.vv.vs 
•T  railways.  Jf  l.y  ,,,„|,,,t  ^  .,oo.|  .o^ta-t  is  ,„a.l.-  I.,- 
tw.-rn  tl...  sk.,.  a,„l  a  wi„.  .amin^  o,..-  of  th.-s.  |„.,vv  cur- 
'•""fs.  tlM-n  tHanus  of  th-  nuis,-|,.s  is  s.t  up  j„st  as  Uv 
sffor.^r  fara.l.s,,.  or  an  .ilfrnati,,;;  ,,u„-ut  ;  a.ul  if  ,h..  hanr"! 
''''l'l'-H-.l  to  ^n,.  fh..  ^vin..  tl...  .n.forfu.at..  ,„.rso„  mav  hr 
""aM..  to  |..t  ,ju.  a,ul  ,May  sutf,  r  srv.n-  l,ur„s  or  .Lath  " 

Electrotonus.  Uh.-n  a  .alvat.i..  ,.urn.„r  ,s  pass,.,l 
'^  ••■'^'  a  M.TV,.  .1..'  ...x.ital.ility  of  tl...  M..rv..  at  fl...  points 
wl.-n-  tl...  ,.,uT..nt  ..nt..rs  ami  l.-avs  ,f  is  a„...n,.„t...l  at  th. 
_  katl.o,!..  an.l  .lirninisl....!  at  tL^no.],,  This  ,,...  I,.-  sh.mn 
1"  a"  is'.lat...l  n,us,.|,.-m.rvv  pn.parat,..,,  of  a  fro„s  s.-iatiV 
"'TV.'  an.l  L'astro<.n,.,niiis  nms  h..  ft  ,!,„  ,,,.,,,.  |„.  |,,i,i 
a<n.ss  two  n..n-polansal.K.  ,.h.,tr...|,.s  l„  lu..-,.  ui,,h  a  w.-ak 

ga  van.,;  ..urn.nt  is  flowing,  it  Willi ..  f,,n. I  that  .t„„,.lafio„ 
of  tl...  ,„.rv,.,  hy  s,njr|,.  lara.JK.  sho.ks  ,.,  I,v  ..,h,.r  ......haniVal 

m.'ans  of  roiistant  ,str,.,.fr,h,  w,ll  p;.,.lu.-..\.;„.M,...r  n.us.ulur 
'^""<'-aj.tio,.s    wh,.,.    apphVa    in    tl...    n,.i.hlH.i„f.oo.l    of    ,!„. 
katl....h.,    an.l    w-.ak.T    (-....tractions    wl.,.,.    appli..,!    n.-arer 

;.   tl...  ano,h.,  than  wh.-n   ,.„   ...hani..  ...rn-.-t   is  passing.. 

11...S.    th.'   pa.s.u,.   of  a   st..a.ly   fralva..i..   ,u.T..nt    thro,..'h 
a    n..rv..    alo.i.u    ,ts    h.„jrth    raisrs    th.    ..x.ital.ilitv    of    tL 
".TV..  „,  th,.  n,.i,dil,.,urh..o,f  of  th,.  katl.,.,h..  a..,l  ■,l,.pn.ss,.s 
•t    in    th..   proM.Mity   of   th..   ano.j...     Tl...    h..ij:l.t,..,..,l   c-x- 
c.tuh.l.ty  ...  tl...   ,...i.hl,o,..hoo,l  of  th,.   kath.Kh.  .s  spok,.,. 
of  as   kat,.K.ctroto„us.   an.l   th,.   hnv..r,.cl  cxcitahilitv  near 
tl.,'  an,)a.'  as  aii«'l..ttrot.)i.i.s. 

'1^'"'  co.,cliti..ns  ,>f  a,,  isolat..,!  „.us,l,.-n,.rv,.  pivparation, 
how.v,.r,   n.n.iot   h.  exactly  i,n.tat<.,l   ...   .,....li,.al   aj.phVa- 

tions,  l.,.c.a,is,.  the  .lerve  li.-s  deeply  u..l...,M,..l.  .si.n,>u,..l..,l 
by  n.usel,.s  ami  oth,.r  eondueting  tissues,  and  the  r..a.ti..ns 
are  on   this  account   soni..what   difT,.n.r.f.     (hvin-   to   the 


fact  that  the  ,.l(.ctr,.,l 


t'  cannot  l.e  a].pli,-,l  diivctlv   t..  tl 
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norv..,  },ut  only  to  thv  skin  at  s,-.,,..  littl.-  .I.sta,,,-..  fn.m  it 
th,.  |„„.s  of  fom.  fp-ni  rh.-  ,'h-ciTodv  pass  i„to  thr  n.-rv.-  I.v 
<  imis.on  (,t  rurn-nt  l.otli  i,.  an  uf.wanl  an.l  in  a  downwani 
.l.nMtion.  so  that  th.-n-  ar-  two  virtual  poh-s  ,.n„I,„.Ml  in 
th.'  nrrv..  I.v  tlu>  action  of  ,.a,h  ..l.-.tro.!,.     a  polar  an.l  a 
I"-npolar  of  opposif,.  siyn.     That   is   to  sav,   in   th-   nrm- 
un.lrr  th..   katho.!-.  fh.-r..  is  a  j.oh.r  kath.-dal   y.niw.  an.l  a 
I>''np.,lar   an...lal  zon.-,  an.l  siniilarlv  ai  an.Mlal  p.,lar   an.l 
a  kath.Mlal  p.-ripojar  zon,.  will  |„.  ,i(.v..|op..,l  i,,  th..  n.-i^-h- 
1-urh.m.l  ..f  th..  ano.l,..     Owin^  t.,  this  pms.-..,-..  .,f  four 
P'.l.-s  in  th..  n..rv..  that  is  h.-irm  f,,st,.,l.  inst..a.l  of  thv  two 
f'»l..s  in  th..  .-as.,  of  th..  is..lat...l  n.us-l..-n..rv..  pn-paration 
of  th..  fn.tr.  w..  shall  ir..t  f.mr  .liff,.r..nt  r,.a<ti.,ns  to  tho  pol.-s 
inst.-a.l  ..f  ..nly  tw...  as  in  fh,.  f,,,jr-s  „,.rv...     In  this  latt..r 
••as...    |'llu;r..r  Una:  ap.  sh.nv..,!   that   .•..ntra.ti..ns  ..nlv  oc- 
«urr.-.l  owin-  t.,  th..  su-hh-n  a|.p,.aran.-..  of  a  p..sitiv..  stnt,- 
of  rl<..tr..f<,nus.      X.rn-  this  pns.tix,-  .■l,.,tr..t..nus  is  s..t  up 
at  th..  kath.Ml..  at  th..  niak.-  ..f  th.-  .  urn'rit.  pro.lu.in-   kat- 
»'l.'itr..tonus.  an.l  th..n.for..  th..    .•..ntra.ti..n    K(C.     Vh,.,, 
the  curn'nt  is  ma.l..  ut  th..  an...l...   th..r..  is  a   l.,w..rinj:  of 
..l.'ctrotonus    (anchTtrotonus).    an.l    th..r..for..    n.)    stimula- 
tion, A(C.  at  tlu.  ano.l..  at    niak.-  of  th..  curr.'nt.     Wh..n 
th..    .urn.nt    is    hr..k..n.    tho    p.isitiv..    ..l,..frotonus   at    the 
kath.,.l,.    instantan.".)usly    falls    t..    a    n..fativ..    stat...    an.l 
th..r..for..   th.-r..   is    no   contraction.  K()( '.   fn.ni    th..  l.r.'ak 
of  th..  curn.nt  at  th..  k,    lio.lo.     At  the  ano.l...  h..wcv..r.  at 
l.rcak  of  th..  curn.nt  th..n'  is  an  imm<.(liate  rise  of  d..,- 
tn.t..nus  fn.m  th..  n..jrativ..  state  of  an..l..ctrotonus  to  the 
r..v.-rs;..l  or  p..sitivc  con.liti.m.  whi.h.  as  I'flu._r,.r  has  taught 
us.  stimulat.'s  th..  n<.rve   to    pni.lu...  a   contra.ti..n.  AOC. 
Thus,  in    th..  isolated   nuisclc-n..rv..   i.n'])anition   th..n.  are 
only  two  contractions,  th..   KCC  pro.luccd  l»v  the  .stimula- 
tion of  the  nerve  at  the  kathode  at  the  mak..  of  th..  curn.nt, 
and  the  AOC  or  an.ulal   op..nin«  contraction  pnKluced  at 
the  anode  at  the  l.n.a'-  of  the  current. 

If,  inst..,id  of  merely  slowly   making  and   breaking  the 
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'■«.m-nt  srut    fl.roMyl,   .1...   ...tv.-  of  thr   ,„us,|,.-n..rv,.  rm- 

paraf,,,,,.  w,.  su.l.l.-Mlv  r.-v.-rs.  ff...  .Ijivti,,,,  „f  fl,,-  ....rn-nf 

M.  n.af  tli-  point  win.  I.  w,,s  prrviouslv  ann.l,.  is  now  tiuulv 
katl.0,1,..   w..  sluli   Cn.l   fl,..t   w,.  ohta.n  .lisf.n.flv  sfronuor 
<«'"tra,t.on.s    than    l.y    si.npiv    n.akin^;    an.l    hrr.kwu    th. 
n.rn.nt  slowly.     This  is  <!„..  to  thr  fa.t   that  on  r.M.rsin. 
ft".  .lin.,t,on  of  t!„.  ...im-nt.  fh.  katho.ial  .losur.-  positive 

st.rnulat.on   is  snp..ra.M,.rl   to  th.  ano.lal  opening:  positiv 
ns.  of  Hntrotonns  at  th.  sani-  point  of  th.  n.-rv     nann-lv 
at  fp.  p.int  wh„h  wa.^  just  pn-viously  ano.I..  an.l  has  now 
.s.<.l.l..niy    lM.,.n    ,na.l..    kath...|,..      An..th..r   wav    of   puttinjr 
>t   i.»    to  say   that    K(C  is   si,p,.ra,M...l   f.    AOC.      Now.  w.. 
I>av..  s.M.n  that  in  th."  human  .-..n.lifions.  owinp  to  th."  .'hr- 
tr...|..   lH,n.r  n.-...ss,r.ly  pla.-.,]  at  son,.-  .listan...   fr.„n   th,. 
".TV...  an.l  th..  .um.nt  in  its  passay,.  not  l.,.ini:  limit..,!  t.. 
'l-  ''-rv...  hut  iH.inu  .l.tTus.,!  into  th..  sum.un.lin«  t,ssu.-s 
w."     ha  v..     four      possihl,.      contra.tions     nam..|v        KCc' 
A<C.    AOC.     an.l     KOC.     th,.    two    n,.w    om-s,    MV    .n.l 

'^*"'  ""'    '''■'^"'^'  ' »  ■'^^'<'"  i"  tli-    mus'.|..-n,.rv,.  prvpara- 

t«.n.  n...  KCC  is  always  normallv  the  stron^.-st  th,- 
A(C  coming:  u.-xt.  follow,.,!  dos.'lv  l.v  th,.  \()C  ..nd  th,- 
KOC  last.  KOC.  in.l..,.,!.  is  v^rv  '  ,liflu.„it  ,..  ol.tain 
an,!  oniv  with  v,.ry  strong;  ,.urr,.nt.^  to,,  painful  to  he  borne' 
As  pn.v.ou.sly  ,n,.nti,.ne,!.  su.l.len  n-vensal  of  the  ,!ir,.,tion 
of  th.'  ,urr..nt  pro,nKes  stronger  contractions  than  .sim')lv 
makintr  an,!  Im.akini;  tlie  curr,.nt.  ^  " 

It  is  in  onl..r  to  avoi,!  havinjj  four  pol,.s  on  the  nerve 
tl.at  ,s  tM.,n.  t..st,.,l  that  in  n.u.sHe  t.-stinu  it  is  n,.,^e.ssarv 
to  have  on,.  ,.|,.,.tro.!,.,    the  .so-eallo,l    in,lifT,.rent  electrcl,". 
piac,.,!  at  a  .listan,-,-.  as  on  the  hack  or  diest.     The  n-sults 
thus  oi.tam,.,!  an.   mor..  .-onstant  an.!  |,.ss  liable   to  error 
than  ,f  th..  tw..  ..|ectro,l,.s  I.,,  phu-ed  upon  tho  .same  limb, 
ospecaliy    ,f  at    all    n.-ar   ...ch    other.      It    will    be    notice! 
mor..ov,.r.    that    stronf:,.r   contractions    are    obtaine,!   after 
lottM.j,  tlu.  ,.urr,.Mt  run  for  a  f,.w  seeon-l..  an<l  then  nui.kiv 
rovcrsmjr,    than    if   th,-   rev,.rs:,!s   are    ma.le   one   after   the 
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othrr  without  pans.'.  Tl.i.s  .stroti^'.-r  ((.ntraction  is  <liic  to 
the  (•..ii.liti..n  of  kaf<-l.",trot..tiiis,  a.id  th.T.'foro  incr.'usnl 
.■xcital.ilitv.  sH  up  in  the  ri.-rvr  l.y  th.-  passay..  of  th.-  <on- 
staut  .urnMit,  whi.h  rlTrrt  will  Im.  wantiim  if  the  n-vrrsaLs 
h<>  niail.'  in  each  ilin-ction  too  fr.'<|uriif|\-. 

This  katvlectrot-nir  ..fTrct  upon  thi-  n.Tv.-s  phkIucmI  l,y 
the  pass,<r<'  of  a  const  int  ciirn-nt  is  wfll  s.-.-n  wh.-n  com- 
bined faradism  and  galvanism  ar..  appli..,l   t..   tho 

nuisch.s  at   th.'  sun.,   tin..-.     This  ,an   I.,-  .h.n.-  when  two 
s  -paratf    hattcrios   an-   us.mI  -en.,    for  fralvanis.n   and   one 
for  fara.lisni     l,y  joining  th.-  .wfrativo  po|,.  of  th,.  fralvanir 
l>.tt..ryto  th-p.sitiv,.  of  thvsT,,n,la,y  coil,  and  then  attach- 
ing' th"  fl.'.trod.-s  and  fh.-irwins  to  th<-  n.'iratiw  polo  of  the 
(•<.il  and  the  positi%e  pol,.  of  the  fialvanie  hatterv.     ii\-  this 
arran^femetit  the  faradie  current  has  to  pass  rhroujrh  all  the 
n-lls  of  the^ralvanic  Lattery  that  are  l.ein>.Mised.  before  reach - 
mn  the  patient,  and  the  jzaivanir  current  has  to  pass  through 
the    coil    of    the    faradie    apparatus.     The.se    arrangements 
interpose  at?  extra  resistance  to  the  pas.sap'  of  each  cur- 
rent, and  therefore  th."  strength  of  the  galvanic  or  faradie 
current  will,  in  each  ca.se.  l.e  slightly  w.-aker  than  if  th.-y 
were  applied  directly  from  the  Lattery  in  the  ordinary  way, 
usinj,'  the   same   nintd.er  of  ,ells   for  jralvanism,   and   thJ 
sime   position   of   the   coil   on    the   .scale    for   the   faradism. 
The  effect,   how.-ver.  after  turning  on  a   few  cells  of  the 
pilv.aiic,  l.aitery.  will   l,e  shown   l.y  imrea.sed  strength  of 
the   muscular  contractions  ohtaine,!   l.y  a   piven   stren^'th 
of  faradie  current,  incre.i^sed  roufzhly  in  proportion  to  the 
strenirth   of   the   jralvanic    current    thus    turned   on.     This 
effect  can  he  easily  demonstrat.'d  l.y  usiny  single  faradie 
shocks,  moving  the  interruptor  slowly  l.y  hand,  and  noting 
the  i)oint  on  the  scale  of  the  secondary  coil  where  muscular 
contractions  first  l.egin  t<.  apjjcar.     Then  turn  on.  sav.  ten 
cells  of  the  galvanic  Lattery,  when  th<>  muscular  contrap- 
tions n(.w   resulting  from   the  same  single   faradie  shocks 
will  Le  seen  t<.  Ih'  consid.raLIy  stronger,  whether  the  kathode 
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""  ;■'""."•••  f"  •'"■  «"-'-''ll-'l  '■oml,in..,|  lMt,-.n...H  thut  ar. 
;""';•;  "'^''  '•"^''  f"'"'-  •■'l'|Mr..f,.s  an.i  s..,.rat,.  ..-Hh  for 
^^T.Ml.sm  ami  «alva,.i,s„,,  l...,h  ,.,ur..,.fs  a,v  I.-.l  to  tl..  san... 

•••    u- '  -P.";.'t.-Iy  ;    ,.r.   I.y  turning  tl...    mvU.-I.    half-wav 

H.-«aIvann.  n.lls  an.l  ,h..  fara.l,,.   .oil   Mn,  thus  n,u,.l,.a 

;'V  in.stn„,H...t  inak-.-rs  an.  v.-iy  ImI-I..  to  ov.-rlook-  tl... 
-•"^    '^-'    tl...    .alvani,.   ....„s   an.l    tl.    faia.l...    .oil    J;, 
•    -upM    "i;  ...   s,.ri,.s.   an.l   so,n..ti„...s   tln.y  an.  just   as 
>Kv   t'xoupl,.  tlH.m  u,.  inparalH;    tl.at  is  to  sav.  n....a- 
"v  |M.I..  of  j:alvani.m  to  ,„..ativ,.  ,,ol..  of  fara.lir  hatt-rv 
'""1   I'^-.t.V..   ,.o|..   to   positiv..   ,.ol...      If  this  has   l,..,wlon;.' 
;vl.;-'.   '.sMi.  th..  ,.o,nl.i„...l  ...im.nt   th.  fara.],.-  ..ontruHionH' 
Will    iMTonn-    w,.ak-..r    i„st..a.l    of   stion,..,-   as    th.    ..alvai.i,. 
n.m.nt  IS  tun....!  on.     This  faulty  m.-tho.!  of  ..ou,.lin.  up 

'•'     ''-I'^'n   to  th..  ..dvanism  will  not   M.att..r  so  lo,.:  as 

...  two  cum.nts  an.  us,.,I  M.,,arat..|y.   l,„t   will  onlv  afl..,.t 

th.'    n.s„lts   of  .■o.Ml.in.-.l   (urn.nl    tr..atm,.nt.     Th.-"  ..a.i..st 

w.y  to  t..st  th,.  I.at.,.ry  f..r  this  point.  af,,.r  It  has  ..,.„...  h..,n.. 
'  "•"  •'"•  "'='l<-'s.  is  fo  apply  sh.wly  infrnipt,.,!  fara.li,- 
sl'o.ks  to  a  musH...  notin^^  th..  minimum  point  on  th.- 
.s:al..  at  whi.h  slight  l.ut  .h.tinit,.  rontra.tions  aiv  first 
-."..  ;    th.„.  with  th,.  I),.  U-att.vill.  swh.h  placwl  half-wav 

••■--•^■....H;.  turn  on  al.M.tt..n,...|ls..ftho  galvanism', 
a.i.l  not,.  ,f  th..  muscular  ,,u,tra,ti,ms  r,.sultinj,.  from  th,. 
'^"■'<1.<-  shoc-ks  ar,.  ma,l,.  stronf...r  or  w,.ak,.r.  If  th.-v  aiv 
'.'-I"  .str„n^..r  aft,.r  tumin.i,  ..n  th,.  p.lvani.-  .urn-nt;  th,.n 
"<•. apparatus  has  I,,-..,.  c„upl,.,l  up  in  tho  ri^ht  wav  :  l.ut 
.  tl..-  co..tra,tions  ar,.  w,.ak,.r  inst,..,!  of  stron-.-r/ th,.„ 
tl..'  fara,li,.  ...ul  an.l  th.>  ^alvani,-  ,...|l.s  hav,.  !>,...„  c-ou„l..,l 
>.|>  ...  parall,.|.  n.st.-a,!  of  in  s,.n,.s.  an.l  this  ha«  to  h,  alt,;.-.! 
Jlu'  ,.as.,.st  way  to  alt,.r  it  is  t,>  un,l„  tho  wire  conmr- 
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tioiis  of  tin-  HjKMial  't'lls  whicli  drivr  tin-  fara»li<-  loil,  aiul 
thou  rrvcriif,  so  that  tlu*  wire  wliirli  was  prcvjoiislv  attarlx'il 
to  tlif  zinc  of  tl)«'  liatt«'ry  slioiilil  tlii-ii  }>»•  lixcd  to  tin-  lar- 
lioii,  or  coiUMT,  acronliny  to  the  mal<f  of  ltatt«'rv  that 
is  \»-\uii  iisimI.  By  (hiiiij.'  this,  the  dinMtion  of  the  liatti-rv 
ciirrcnt  in  thi-  |irirnaiv  coil  is  nvcrsctl  from  what  it  wii 
licfon*,  ami  coiisciniciitiv  the  extra  iiuliicctl  priiiiarv  cur- 
rci)t.  and  the  induced  currents  i:i  the  secotuhirv  coil,  will 
he  als't  reversed  in  direction.  Now.  it  is  only  tin-  induced 
current  at  lireak  which  is  of  any  practical  use  in  a  faradic 
apparatus,  .so  that  the  current  of  a  faradi<  hatterv  is 
jiractically  unidirectional,  though  of  course  interrupted  ; 
and,  tlierefore,  one  may  speak  of  a  positive  and  a  ne<;ativo 
pole  for  the  faradic  current,  as  we  do  for  the  current  from 
a  Itattery  of  galvanic  cells. 

HEACTIOX   OF   I)KC;KNEH.\TI()X 

The  continuous  current,  when  apj)lie«l  to  normal  muKcIe, 
stiinuhites  the  nerve-endinj,'s  in  tlu'  !nu.sch>,  so  that  the 
resulting  contractions  are  (juick  twitches,  similar  to  thrme 
produced  hy  sinjile  faradic  shocks.  When,  however,  the 
nerve  su[)plyin^  the  muscle  has  IxH'n  injured,  then  the  nerve 
dejfenerates  and  the  muscle  suhstance  al.so  liecomes  altered 
and  deyenerate.s  also.  When  this  is  the  case,  the  ajiplica- 
tion  of  the  faradic  current  over  the  muscle  or  motor  point 
no  lonf^er  produces  any  contraction,  even  with  as  stroiifi  a 
current  as  can  be  borne.  Application  of  the  continuous 
current  now  no  longer  produces  the  quick  twitch  as  in  the 
normal  muscle  ;  but  a  new  type  of  contraction  is  seen  : 
a  sluggish  contraction,  slowly  developed  and  slow  to 
relax,  though  often  a  larger  contraction  than  the  same 
strength  of  current  would  produce  in  the  normal  muscle. 
This  phenomenon  is  called  the  "  reaction  of  degeneration." 
This  form  of  contraction  is  produced  by  the  ilirect  stimula- 
tion of  thft  .altered  mu.scle  .«ubstance  by  the  mntiniinus 
current,  not  by  any  stimulation  of  the  ncrvc-cndings  in 
J 
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alMivc.  Four  to  srvfii  days  t-lapMc  ln-fim-  tin-  rict  f rii  al 
iliaiitirs  iMMonii'  tioticcalih',  nd  .sirui'  al»«iut  this  tirnr  struc- 
tiiral  cliati^i's  can  lie  (Iffiwrnstratrd  microscopicallv  in  tin- 
n<Tvc  and  iniisrir  tissue,  tlu"  changes  must  Im-  dm-  to 
chcrnical  altrratinris  in  tlmse  struttiirrs. 

Krattion  of  dfu<THTation  in  flic  ntriY  is  shown  liv  the 
li  ss  of  powiT  of  conduction  cither  of  fara«lic  or  galvanic 
impulses  ah>n>,'  it  ;  normally,  stimulation  with  cither 
current  ovr  a  motor  nerve  produce-,  I. risk  contraction 
of  the  muscle  supplied  l.y  it.  tetanic  contraction  in  the 
case  of  the  interrupted  current,  and  a  single  twitch  in 
the  ca.se  of  the  yalvanic.  Reaction  of  defeneration  in 
the  nerve  differs  from  HI)  in  muscle,  for  in  the  nerve  there 
are  no  polar  chanues  and  no  preservation  of  contracti«»n 
to  one  current  and  not  to  tlie  other.  .Ml  that  happens  is 
the  rapid  di.sappea ranee  of  conductivity  of  the  nerve  to 
either  current.  IJeh.re  this  takes  phice,  there  mav  lie 
noticeahle  for  a  day  or  two,  soon  after  the  injury,  a  slight 
de^^ree  of  hyperexcitahility  in  the  nerve  to  either  current, 
s  »  that  stimulatioji  of  the  nerve  on  the  damaged  side  elicits 
stnmyer  musular  contractions  than  on  the  .sound  side. 
This  wave  of  hypere.\(ital>ility  passes  down  the  nerve  from 
the  site  of  the  injury,  and  is  su'cceded  l.y  diminished  i-.v- 
cit;il<ility.  and  tiii.,lly  liy  complete  Ic.ss  of  power  of  c<»nduc- 
tion  of  the  electrical  stimuli.  Although  there  may  Iw  this 
complete  condition  of  HI),  as  de.s«ril>cd,  in  nerve  and  in 
mus'le,  yet  this  docs  not  inijily  that  it  is  imixissiblo  for 
voluntary  stimuli  to  jta.ss  alonj;  the  nerve  and  elicit  mus- 
cuiur  contraction,  a  conditicm  which  may  not  uncommonly 
be  seen  in  the  recovering'  sta^e  of  nerve  injuries  and  in  lead 
neuritis,  in  the  muscles  on  the  extensor  aspect  of  the 
ft>rearm. 

UD  is  never  met  with  in  the  slow  muscular  atrophy 
of  the  myopathies,  or  in  the  atrophy  of  muscle  following 
myositis,  unless  the  nerve  elemcnta  have  been  damaged 
also.      In   the  condition  known  as  ischSDlic   myositis 
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^■"''-  V-    J ••!•),   thoro  in  no  n.a.tion  of  dc^ronoration   found 
■M.I.-HS  at  tJ...  sam.  timo  tho  norvvs  s„pplyi„^  th.  „.„s,.l.: 
I.'tv,.  also  1„.,.„  ,„j„p„a.     f.„,,,,.„„-.  „,^.,,^i,.^  .^  _^  ^.^^^^^j.^.^^^^ 

of  f.nn.ary  confnH.tnro  of  nnis.-l,.  ,1,,,.  to  L.torA-nMu-  with 
Its  l.lo.:,l  supply  from  ti^rht   l,auda^inM,  r,r  th.  too  ti«ht 
"PPl-atum  of  splints.     Th.  rontrac-tur.  .l.v.loj.s  at  oner 
a..d  IS  thus  .asily    to    1...    distinpuishr.l    fron,    a   ,>aralvtic 
<-"trutun..  whi<h    t,.k,.s    time    to    app<.ar.     Th.    mas-i.. 
..sua ly   w.st.s  som-wlmt,    hut   th.   n-a.tir.ns   to   faradism 
=n..l  to  ,.,lv.n,s„.  will  h.  hrisk-  a,:d  ,  f  normal  charach-r, 
H.ou,jh  prohahiy  not  so  powerful  .s  in  the  corn-spondinc 
"...-1,.  upon  the  souud  side.     In  certain  eases  of  Lseha-mic 
".vos.t.s,  as  of    the  tlexors  in   the  forearm  resulting  from 
-Kl.t  ha.ulaji.nf,  or  splintinj,  in  eases  of  mjurv  in  the  nei«h- 
l><...rhoo.    of  the  wrist,  the  median,  or  even  the  ulnar  nerve 
".ay  he  dumaj^ed  l.y  the  pre.ssure  at  the  same  time  as  the 
n.„.s..les    .suffer.      In    this    case    there    will    he    anaesthesia, 
-s  n,g  of    he  skn.  a,.d  nails,  and  reaction  of  d,.f,eneration 
">     he  luw.d  muscles  will  aj.pear  at  the  end  of  the  first 
week. 

The  essential  feature  of  the  reaction  of  degeneration  con- 
8.sts  ,n  the  loss  of  the  faradic  excitahilitv  of  the  muscle 
wh.le  .t  st.ll  retains  its  contractility  to  galvanism.     When' 
H..H  .8  th,.  ca.se,  the  contraction  to  galvanism  is  not  of  the 
bnsk,    twitching   character   seen   in   normal   muscle,    and 
which  18  produced  by  the  stimulation  of  the  motor  nerve- 
t'ndmgs  ,n  the  muscle  hy  the  galvanic  current  when  the 
circuit  ,8  closed.     Instead,  a  slow,  sluggish  contraction  is 
seen,  which  may  he  of  greater  volume  than  the  twitch  of  the 
.  •me  muscle  to  the  s^ime  strength  of  current  in  health,  but 
which  is  more  slowly  developed  and  relaxes  mere  slowly. 
Jhus  has  to  faradism,  and  preservation  of  contraction  to 
palvanism   with  sluggish  contraction,  is  the  essential  point 
Irr  ^  vl'V.'''""*'"'"  f  d^«<'"^ration.^  The  polar  change,' 
A(  (.   >  K(  C  13  not,  by  any  means,  always  present,  and 
hyperexcitabihiy    to     gaivaaim    alao    usually   disappears 
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after  some  wocka.  This  chanpo,  dosrribfd  as  roaction  of 
degeneration,  is  indicative  of  a  lesion  of  the  lower 
neurone— either  sudden,  acute,  or  subacute  -damaging  the 
anterior  horn  cell  in  the  spinal  cord,  or  its  axon— the  nerve 
fibre  proceeding  from  the  spinal  cell  to  its  motor  nerve- 
ending  in  the  muscle.  The  change  seems  to  Ik'  associated 
with  the  loss  of  the  fibrillation  of  the  muscle,  the  sluggish 
contraction  which  remains  to  galvanism  recalling  that 
seen  in  sarcoplasm,  or  undifTerentiat«'d  protoplasm,  when 
stimulated  by  the  galvanic  current. 

.\s  previously  said,  hypere.xcitnbility  to  the  galvanic 
current  is  not  always  ])re,sent  in  cases  of  nerve  injurv  or 
damage  to  the  nerv«'  cells  in  the  ant<'rior  horn.  If  the  nerve 
is  completely  destroye«l,  as  when  <lividtd  by  a  stab  wound, 
hyperexcitability  to  galvanism  does  not  apj)ear.  The 
mus/les  lose  their  irritnbility  to  faradism  after  seven  or 
eight  days,  and  at  the  same  time  the  excitability  to  gal- 
vanism will  be  found  to  l)e  diminished,  as  compared  with 
the  normal,  though  the  contractions,  when  evoked,  are 
sluggish,  and  the  polar  change  will  l)e  present,  giving  AC(' 
>  KCC.  This  same  condition  of  complete  n\iction  of 
degeneration  will  be  seen  in  the  worst  cases  of  infantile 
paralysis,  when  the  nerve  cells  are  completely  destroyed  ; 
and  this  absence  of  hyperexcitability  to  galvanism,  with 
sluggish  contraction  and  ACC  >  KCC,  may  l)e  taken 
as  evidence  pointing  to  a  complete  destruction  of  the 
nerve  cells,  or  severance  of  the  nerve.  WTien  the  injur\' 
is  only  partial^  hyperexcit^ibility  to  galvanism  is  usually 
found,  and  this  sign  is  thus  one  of  the  points  of  partial 
RD,  with  correspondingly  better  prognosis.  This  does 
not  seem  to  apply,  however,  to  facial  paralysis,  in  wlucli, 
even  with  the  most  severe  permanent  paralysis,  with  no 
aitempt  at  recovery  or  ap|)earance  of  contracture,  there 
is  hyperexcitability  to  galvanism  present,  usually  for 
months.  It  is  possible  that  the  facial  muscles,  lieing  dif- 
ferentiations of  the  platysma,  owe  this  difference  in  type 
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of  thoir  roaction  of  dogonoration  to  the  fact  of  tlu^ir  dovelop- 

nin.t.  hviufr  distinctivo  fn.m  that  of  the  skeletal  musehi,. 

To  ,smn  up  :   K.-artion  of  degeneration  consists  of— 

1.  Loss  of  contraction  to  faradism; 

2.  Preservation  of  contraction  to  galvanism,  with 

(a)  Sluggish  contraction. 
(ft)  Hyperexe,ita1»ilitv. 
(c)  ACC  -  or  >  K(V, 
{(I)  ivathitdal  or  anodal  clnsure  tetanus. 
Reaeti(,n  of  degeneration  may  Im'  incomplete-partial 
KD,  as  it  is  called-in  less  severe  cases  of  neuritis  or  of 
<l:irnage    to    the    anterior    horn    cells.     There    are    various 
degrees  of    partial   Rl),  with    corresponding  differences  in 
the  j.rognosis  as  to  the  severity  and  duration  of  the  paralvsis 
Ihus,  the  reaction   to  faradism  n.ay  he  only  diminishe.l 
and  not  lost  entirely,  with  a  sluggish  reaction  as  compared 
witli  the  s.M.nd  si.le.     In  the  slighter  cases  the  reactions  to 
galvanism  may  also  he  reduced,  with  slight  sluggishness  of 
contraction  and  no  polar  change.     In  others,  a  little  more 
severe,  with  the  reduction  to  faradism  the  galvanic  reactions 
may  he  ahout  normal  in  strength,  or  slightly  excessive 
with  sluggishness  (,f  contraction  especiallv  marked  to  the 
anode,   while  yet  remaining  hrisk   to  the   kathode,    while 
KVC  >  MV.       RoHction  of  (h'generation  is  more  easilv 
demonstrated  in  the  facial  muscles  in  cases  of  B^OI's  p-ilsv 
especially  in  the  orl.i.ularis  oris,  than  in  anv  other  mus- 
cular wasting.     Hy,)erexcital,ility   to  galvani;m  also  per- 
sists h.nger  in  the  facial  muscles  than  in  anv  other  wasting 
I'cing  r.ften  wll  marked  twelve  months  after  the  onset  of 
the  paralysis. 

The  presence  of  hyperex.itahility  to  galvanism  will 
always  he  measured  hy  com,)aring  the  strength  of  con- 
traction ..hta.ned  in  the  corresponding  muscle  on  the  sound 
,ulo  using  the  same  strength  of  current.  If  the  musc-les 
on  hoth  sides  ar,>  aflFected,  as  in  multiple  neuritis,  then  the 
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question  as  to  tho  existence  of  h}-perexcitability  must  be 
judged  from  experience  of  the  usual  strength  of  contrac- 
tion ol>t-iiined  from  the  particuhir  muscle  that  is  being 
tested  with  the  strength  in  milliamperes,  or,  roughly,  the 
number  of  cells  that  are  Inung  used.  For  example,  in  well- 
marked  reaction  of  degeneration  in  the  facial  muscles  con- 
tractions may  be  obtained  to  the  anode  with  only  two 
cells,  or  a  current  of  ^  ma.,  while  normally  six  to  eight  cells 
will  be  required  to  obtain  a  contraction.  In  the  thigh  and 
back  muscles,  currents  of  5  to  8  or  10  ma.  are  sometimes 
needed  to  demonstrate  the  contraction  of  normal  muscles. 

Sometimes  a  form  of  partial  reaction  of  degeneratitin  is 
met  with,  as  in  facial  paralysis  or  lead  neuritis,  in  which 
the  voluntary  power  is  only  slightly  impaired  and  the 
faradic  reactions  of  the  nerve  and  of  the  muscles  are  but 
little  diminished ;  while  the  galvanic  reactions  of  the 
muscles  show  the  signs  of  RD  above  descrilMHl— especially 
the  sluggish  contraction  to  the  anode,  which  may  also 
give  \CC  >  KC'C.  Reaction  of  degeneration  does  not, 
therefore,  mean  always  that  there  is  complete  loss  of 
voluntary  power ;  for  the  same  thing  is  seen  in  the  stage 
of  recovery  of  the  nerve,  when  voluntary  power  may  return 
in  the  muscle  before  any  faradic  reactions  can  be  obtained 
and  while  the  galvanic  reactions  are  still  sluggish,  perhaps 
hyperexcitable,  and  ACC  either  =  or  >  KCC. 

Tetany. — This  is  a  condition  of  muscular  spasm  affect- 
ing especially  the  distal  muscles  of  the  extremities — hands 
and  feet.  Slight  instances  of  it  are  common  in  the  so-called 
carpo-pedal  contractions  seen  in  rickets  in  very  young 
children.  In  more  severe  cases  the  muscular  spasms  in- 
volve the  muscles  of  the  face,  back,  and  abdomen,  causing 
rigidity  of  expression,  slight  opisthotonos,  and  contraction 
of  the  abdominal  muscles ;  so  that  at  times  there  may  be 
some  difficulty  in  separating  the  disease  from  tetanus. 
The  flexed  condition  of  the  forearms  in  the  spasms,  with 
the  interosseal  position  of  the  fingers  (flexed  at  the  meta- 
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carpo-phahuipoal,  Imt  straight  at  tho  intor-phalanpoal 
joints).  U,nvthi'r  with  th..  curious  symptom  known  as 
rroussouirs  Hijrn,  will  always  stTvo  to  distinguish  the  lesser 
from  the  grave  disease. 

As  has  been  said,  tetany  is  common  in  rickety  children 
espiTially  wlien  there  is  mueh  diarrhffia.     It  is  seen  in  the 
chronic  diarrhoea  of  tuherculous  peritonitis,  dvsenterj-,  and 
sprue;    in  gasfric  dilatntion  ;    in  suckling  women-    after 
extirpation    of    the    thyroid    glaiul,  and  sometimes  in  the 
course  of  acute  fevers,  such  as  diphtlieria.     In  the  severe 
spasnm  the  pain  is  int<'nse.  though  these  are  not  common. 
Trousseau's  sign  is  the  })r()duction  of  tho  spasm  by  firm 
gripping  of  the  main  artery  or  nerve  to  the  limh-for  in- 
stance, gripj.ing  the  arm  so  as  to  compress  the  braclnal 
art.-ry.     Thus  j)ressure   pn.hal.ly  at  the  same   time  com- 
pres.ses  one  or  more  of  the  main  nerve  trunks  to  the  limb. 
Chvostek's  sign  is  the  excessive  irritability  of  the  facial 
nerve,  .so  that  a  quick,  light  stroke  acro.ss  the  skin  in  front  of 
the  ear  will  produce  a  sudden  contraction  of  the  facial 
muscles,  especially  of  the  orbicularis  palpebrarum. 

The  electrical  n-actions  in  tetany  are  remarkable  in  that 
the  opening  contractions  with  the  galvanic  current  are 
obtainable  with  far  weaker  currents  than  in  normal  muscle. 
\Vith  normal  muscles  the  opening  contractions-that  is, 
KOC  and  AOC-are  s-ar.-ely  o))tainal)Ie,  l)ecause  the 
.•urrent  recpiir.d  is  almost  too  painful  t<.  be  \yoTno  KOC 
being  e.s,,ecial!y  difluult  to  „btain.  It  is  .said  that  in  tetany 
the  op<.iiing  contractions  may  be  more  easily  obtivinable 
thiin  the  closure  contractions :  AOC  >  ACC  or  KCC 
An  aiK.dal  opening  t^'tanus  has  als.)  been  described  ;  that 
IS  to  s:iy,  on  breaking  the  current  the  muscle  has  been 
thrown  into  tetanus  at  the  anode. 

It  is  iinport.mt  to  distinguish  the  reaction  of  degenera- 
tion from  that  met  with  in  the  chronic  mu.scular  atrophies 
due  to  prugiv.ssive  niusuiar  atn.{>}iv  or  clironic  anterior 
poliomyt'litis.   idiopathic   mus,ular  atrophy,   and  arthritic 


PARTIAL  REACTION  OF  DEGENERATION  137 

atropliy.  In  progressive  muscular  atrophy,  tho  wast- 
ing takes  place  very  slowly,  and  then'fore  the  faradic 
reactions  diminish  gradually,  j)ari  jiassu  with  the  galvanic 
reactions,  so  that  both  ultimately  disappear  when  the 
muscle  has  completely  atrophied.  Occasionally,  however, 
in  this  disease,  certain  muscles,  or  parts  of  muscles,  waste 
more  rapidly  than  others,  and  then  RD,  or  a  partial  type 
of  reaction  of  degeneration,  may  be  seen.  In  such  a  case 
part  of  a  muscle  may  lose  its  reaction  to  faradism  and  give 
a  slow,  sluggish  reaction  to  galvanism,  with  \CC  >  KC'C, 
while  the  rest  of  the  musole  may  give  a  fairly  brisk  twitch 
both  to  the  faradic  and  galvanic  currents.  In  such  a 
case  it  is  possible  to  observe  a  double  contraction  on  stimu- 
lation of  the  muscle  with  galvanism  :  first,  a  brisk  twitch 
of  the  undegeneratcd  part,  followed  immediately  by  a 
sluggish  contraction  of  the  part  that  is  degenerating.  In 
the  myopathies,  or  idiopathic  muscular  atrophy,  RD  is 
never  seen  ;  but  a  certain  degree  of  sluggishness  of  con- 
traction will  be  observed  both  to  faradism  and  to  gal- 
vanism, a  condition  also  seen  in  arthritic  atrophy  {see  p. 
14«>). 

In  spastic  paralysis,  as  in  spastic  paraplegia  due  to 
old  myelitis,  or  lateral  sclerosis,  or  in  the  rigidity  of  old 
hemiplegia,  the  reactions  to  faradism  and  to  galvanism  will 
l)e  similarly  altered,  slightly  more  difllcult  to  obtain,  and 
more  sluggish. 

The  same  change  is  seen  in  the  muscular  reactions 
when  the  limb  is  blue  and  cold ;  either  from  exposure 
to  cold,  or  in  conditions  of  vaso-motor  disorder,  as 
syringomyelia,  neuritis,  Raynaud's  disease  and  other  tropho- 
neuroses. In  this  condition,  which  I  term  the  cyanotic 
reaction,  the  sluggishness  of  contraction  to  faradism 
and  to  galvanism  will  pass  off  at  once,  and  the  normal 
brisk  twitch  to  either  current  will  reappear  after  a  few 
minutes'  soaking  of  the  part  in  hot  water. 

Myasthenic  reaction.— This  is    a    curious    frrm    of 
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reaction  usually  met  with  in  cases  of  myasthenia  gravis, 
HI  which  the  aff..<tea  mu.srl,.»  praduallv  or  rapidlv  h)se 
fh.'ir  excitahility  to  fara.lism  whilst  Ikmiih  stimulated; 
that  is  ti)  say,  tlieir  faradic  excitahiiitv  rapidly  l)ecome.H 
exhausted.  The  di*.ase  affects  adults  mostly  between 
twenty  and  thirty,  and  its  cause  and  pathology' are  as  yet 
not  understood.  TI.ere  is  a  })rogressive  asthenia,  and 
many  nuisdes  of  the  limhs,  fice.  and  trunk  can  be  rapidly 
exhausted  by  rep.Nited  contractions,  whether  voluntary 
or  due  to  faradic  stimuli.  When  the  reaction  is  well 
developed  the  muscle,  which  responds  briskly  at  first  to 
faradic  shocks,  sfH)n  weakens,  until  in  from  three-quarters 
of  a  minute  to  a  minut<>  and  a  half  it  will  no  longer 
contract  even  to  a  strong  faradic  current.  Even  in  th's 
state,  if  the  muscle  has  been  exhausted  to  faradism  only 
It  will  still  contract  fairly  well  to  voluntary  stimuli  •  and 
if  these  be  repeate.l  quickly  for  a  similar  int4>rval 
It  becomes  paralysed  for  the  time  being  to  voluntary 
stimuli  as  well  as  to  faradism.  It  will  still  react 
well  to  the  galvanic  current,  though  no  resjmnse  can  be 
got  to  voluntary  efforts  of  the  patient  or  to  faradic 
stimuli. 

The  ra})id  exhaustion  of  the  mu.scle  to  faradism  is  the 
essential  point  of  the  "  myasthenic  reaction  "  which  Jolly 
(h'scribed  in  1805.  It  has  to  be  distinguished  from  the 
reaction  of  degeneration,  which  it  reseml)les  in  the  point 
that  the  muscle  will  still  respond  to  galvanism  after  it  has 
lost  all  Its  faradic  excitability.  The  essential  point  to  be 
recognised  is  the  disappearance  of  the  faradic  reactions 
under  observation,  and  this  may  occasionally  be  observed 
to  occur  after  only  a  very  few  single  faradic  shocks  have 
been  sent  into  the  muscle;  if  these  initial  re8i>onses 
of  the  muscle  to  the  faradic  current  arc  overlooked,  the 
error  of  diagnosis  of  reaction  of  degeneration  will  probably 
be  made.  The  exiiaustion  of  the  muscle  to  faradism  and 
to  voluntary  effort  recovers  aft<?r  a  time,  if  the  muscle  is 
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left  to  itself,  until  it  is  similarly  again  exhausted  by  renewed 
stimulation. 

There  is  little  or  no  muscular  waatinj;  in  this  extra- 
ordinary disease,  the  symptoms  consisting  of  a  variable 
muscular  weakness,  on  the  whole  progressive,  affecting 
the  face,  limbs,  trunk,  and  buUiar  muscles.  There  is 
almost  invariably  bilateral  ptosis,  with  a  smooth  forehead, 
the  usual  compensatory  wrinkling  of  the  frontalis  being 
absent  owing  to  the  weakness  of  this  muscle.  The  other 
facial  muscles  usually  involved  are  the  sphincters  of  the 
eyes  and  mouth,  the  orbicularis  palpebrarum  and  orbicularis 
oris.  Weakness  of  the  lower  jaw  in  chewing,  and  varying 
degrees  of  ophthalmoplegia  are  also  extremely  commrn: 
Nasal  voice,  owing  to  weakness  of  the  soft  palate,  especi- 
ally toward.^  evening  or  after  much  talking ;  nasal  re- 
gurgitation, choking  attacks,  with  paroxysmal  attacks  of 
dyspnoja  and  cyanosis,  in  one  of  which  the  patient  may 
die  suddenly,  are  the  usual  symptoms,  in  addition  to  the 
limb  and  trunk  weakness. 

The  myasthenic  electrical  reaction,  although  extremely 
characteristic  of  the  disea.se,  is  not  absolutely  pathogno- 
monic, and  it  has  been  described  as  occurring  in  many 
other  forms  of  nervous  disease,  such  aa  hemiplegia,  cere- 
bellar tumour,  neurasthenia,  and  the  muscular  dystrophies. 
It  was,  indeed,  first  descril)ed  by  Benedikt  in  IBOg  as  the 
"  Reaction  der  Erschr>pfbarkeit,"  ten  years  before  the  first 
case  of  myasthenia  gravis  was  published.  On  the  other 
hand,  the  myasthenic  reaction  has  been  ft>und  to  be  absent 
in  undoubted  cases  of  myasthenia  gravis. 

No  lesion  of  the  nervous  system  has  been  found  to 
account  for  the  symptoms,  the  nerve  cells  and  fibres 
appearing  perfectly  normal  under  the  closest  scrutiny. 
The  only  findings  of  importance  have  been,  in  a  numljer 
of  cases,  an  enlargement  or  lympho -sarcoma  of  the  thymus, 
and  an  infiltration  of  the  affected  muscles  with  lymphoid 
cells. 


CHAITKll    V 

GALVANISM  (n„>timo,l) 

Muscular  wasting  nuiy    ocrur   Iccully    fn.m   dis.'afic   or 
(larnagc  U)  tli<>  n.-rvc  siij)f.iy  cif  the  niusclc.     Losions  of  the 
lower  motor  neuron.'  will   Ik-   followed   hy  atrophy  of  the 
mils  lo  fil)r('  supplied  l.y  the  neurone,  in  ])roj>ortio'n  to  the 
decree  of  damage  to  the  latter.     The  lower  nu.tor  neurone 
romi)ri.s.'s  the  ant*'rior  horn  eell  in  tiie  spinal  conl  and  its 
axon   prolongation,   or  anterior  root  fil.re,   which   is  eon- 
tinued  as  the  motor  nerve  to  the  musele,  ending  within  the 
musole    in   the   end-j.late.     Lesions   of   the   spinal    trophic 
eentro,    or   poliomyelitis,    may    U-   acute,    as   in    infantile 
piiralysis;  or  suhacute,  aa  in  some  forms  of  lead  palsy;  or 
they  may  1m'  chronic-,  as  in  progressive  muscular  atrophy. 
Diseases  of  the  nerves,   too,   may  be  acut<',  sul)acut<>,  or 
chronic.     Lesions  of  the  upper  motor  neuror.e  in  the  hrain 
or  pyramidal  tracts  sometimes  cause  muscular  wa.sting,  as  in 
hemiplegia  or  in  totiil  transverse  lesions  of  the  conL  Primary 
wasting  of  the  musch's  may  occur  in  the  various  forms 
of  th<'  myopathics,  or  it  may  result  from  a  myositis  due  to 
primary  inflammation  of  the  muscular  tissue,  or  from  an 
ischa-mic  myositis  such  as  may  occur  from  pressure  on  the 
muscle  from  a  tight  bandage  or  splint,  squeezing  out  the 
blood  from  the  muscle  and  setting  up  a  condition   resem- 
bling a  primary  rigor  mortis  in  the  living  tissue.     Arthritic 
atropliy,  again,  is  reflex  to  disease  of  a  neighbouring  joint, 
and  a  certain  amount  of  muscular  atrophy  also  follows 
after   prolonged    disuse.     In    all    these    conditions,    briefly 
enumerated,   the  muscular  wasting   is  local,  affecting  the 
limb  or  limbs  j)rimarily  concerned. 

Ho 
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tions  are  also  assoriatrd  with 
muscular  wast  ins  which  may  l)o  mt>re  or  less  profound  ; 
namely,  dialn'tvs,  cirrhosis  of  the  liver,  tuberculosis, 
pya-mia,  rickets,  ana'mia,  starvation,  8j)rue,  and  in  neu- 
rasthenia, talM's  dorsilis,  and  Friedreich's  disease.  In  these 
diseas"s  the  mus'ular  wasting  is  general,  and  is  an  ex- 
presnion  of  defective  nutrition  and  metjiholism  depmlent 
upon  the  j)articulir  disease  with  which  it  is  asstxiated. 
There  are  certain  points  of  difference  in  the  wasting  of 
muscles,  according  as  it  is  dependent  ujm)!!  disease  of  the 
sj)inal  anterior  horn  cells,  or  is  due  to  neuritis,  hemiplegia, 
myopathy,  joint  lesion,  or  is  de])endent  upon  one  of  the  con- 
ditions causing  general  wasting,  such  as  anaemia  or  starvation. 
The  diagnosis  must,  therefttrc,  l)c  accurate,  as  the  treatment 
and  prognosis  will  necessarily  differ  in  the  various  groups. 

INFANTILE   PAHALYSIS 

Acute  anterior  poliomyelitis  is  an  acute  affection  of  the 
anterior  horns  of  the  spinal  cord,  produced  by  a  toxaemia 
due  to  one  or  more  forms  of  microbic  invasion.  Throm- 
l)osis  takes  place  in  small  vessels  in  the  anterior  horns, 
minute  lia'morrhages  occur,  and,  as  a  result,  the  motor  cells 
in  the  anterior  horns  are  damaged  and  destroyed.  The  pro- 
cess is,  therefore,  a  very  acute  one,  and  the  motor  nerves 
supplying  the  muscles  rapidly  degenerate,  owing  to  the 
destruction  of  their  trophic  spinal  centres.  The  muscular 
paralysis  is  complete  from  the  time  of  onset  of  the  symp- 
toms, and  the  limb  lies  flaccid  and  the  muscles  rapidly  lose 
their  tone,  and  waste.  Within  a  very  few  days  those 
muscles  whose  spinal  centres  are  completely  destroyed  will 
lose  their  reaction  to  even  strong  faradic  currents,  and  will 
show  sluggish  contraction  to  galvanism,  and  the  polar 
change  ACC  >  KCC.  Almost  invariably  the  degree  of  the 
apparent  paralysis  is  much  greater  at  first  than  that  which 
remains  as  a  permanent  result ;  for  example,  a  common  type 
of  case  is  a  child  of  three  years  who  is  attacked  by  an  indeii- 
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iiitr  iritliiisi'  a?ul  frvt'risliiicsH,  is  l«'|»t  in  Iwd,  iiiul  on  thr  iirxt 
•  liy  if  is  fiiiinrl  that  both  lower  rxtn-rnities  un'  {oiiiplfti'ly 
]»ar;ilys"(|.  Vet  i-vciitually  niic  of  the  lower  extremities 
may  rej»aiii  full  power,  while  tin-  other  n-cfivi  rs  only  par- 
tially, the  anterior  tiliial  imisrles  and  the  peronei  atrophv- 
in^'  more  or  less  completely,  aticl  the  llexors  ami  <alf  mus'les 
wasting:  to  a  less  extent.     Not  uneommonlv  all  the  mii.scU's 

lielow  the  knee  may  he  eompleteK'  (lest roved,  and  in  a 
few  ca.s'-s  (fortunately  rare)  every  mu.scle  in  l»oth  lower 
«'Xfremities  m.iv  be  comjtletelv  and  jiermam-ntlv  jtara- 
ly.s.'d. 

Aeute  polioriivelitis  may,  fhouj;h  rarely,  occur  in  the 
ailult,  and  thi'  t.ost  .seven-  ea.se  f  liave  met  with  occurred 
in  a  policeman,  ap-d  forty-eight,  in  whom  there  was  com- 
plete and  permanent  j'iiralysi.s  of  all  the  muscles  of  both 
lower  limbs,  alubimeii,  trunk,  thorax,  and  <if  all  the  arm 
muscles,  with  the  exception  of  the  right  (lelt<iid,  spinati, 
and  biceps,  and  of  tlic  left  ilexors  of  tho  lingers. 

After  the  first  ten  days  or  fortnight  from  the  onset  of  the 
disease  the  electrical  reactions,  taken  under  an  ana-sthetic 
if  th<'  patient  is  a  young  child,  will  d"cide  for  us  what 
muscles  are  permanently  destroyed,  and  which  are  likelv  to 
recover  and  may  be  im])roved  by  'atment.  Tiio.s*.'  which 
preserve  faradic  reaction  at  the  end  of  the  first  fortnight 
will  t'ventually  recover  more  or  less  c()m])let4'ly,  and  their 
rtH'overv  mav  be  often  considerablv  liastened  bv  i)atient 
mass  ige  and  galvanism,  applied  daily  if  po.ssible.  A  flat 
ek'ctrode,  (•  inches  by  1  iiiehos,  well  soaked  in  hot  water, 
should  be  cK)sely  apj)lied  to  the  michlle  of  the  back  and 
fastened  in  ])ositiou  l»y  u  bandage,  while  a  moistened  disc 
electrode,  \\  inclies  in  diamet<'r,  should  be  used  for  the 
treatment  by  being  rubixd  systematically  over  the  muscles 
recjuiriiig  tn  .itment.  The  negative  electrode,  or  kathode, 
should  be  used  for  the  treatment,  while  the  anode  is  applied 
to  the  s]»ine.  The  treatment  electrode  must  be  lifted  of! 
the  skin  after  each  stroke,  so  as  to  break  the  current,  aa  if 
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tluH  is  not  (Iniif  fh.'  miisrl,.  will  not  contnut  ami  tli.-  fitll 
iM-ncHt  will  iK.t  Im.  ..I.tain.-d.  Tli.-  .strrnuth  ..f  <iirr.-nt 
rin|)Iny.'<l  slir.uld  l.c,  us  a  rule,  uhout  (1  nm. 

Aru.th.T   wry   u.s.-fiil    nu'tluHl   of   tnatiiwnf    in   to   us.. 
rrwrHalii  of  th.'  galvanic  curn'iit.  or  voltaic  alt.'rnativi.s, 


I'ij,'.  1".'.— Mttnjiiouu   _'iirreiit  Hevtrstr. 

as  it  is  sotin'timcs  called.  If  only  one  liinli  demands  treat- 
ment, two  Hat  electrodes  are  moulded  on  and  fastened  to 
the  liinh  at  the  two  extremities  of  the  part  re(|uirinf,'  treat- 
ment, and  the  numlMT  of  cells  turned  on  to  frive  a  current 
«)f  G  ma.,  th«  current  }»eing  then  reverse*}  hy  turnifi"  the 
current  reverser  at  intervals  of  a]H)ut  a  second.  This  mav 
be  more   conveniently  done    l,y  means  of  a  mechanical 


Ill 


K  r, KCTR I CA  L   TR K A TM KNT 


rovvrstT.  Kii.  h  M  u  int.tn.iif.m*',  fh..  H|)iii<llc  of  wliii  h  is 
(.r..lo„«,.,l  to  work  u  Hinall  I'nhl'rt  comrnu»afor.  S.„), 
an  iiistrum.'Mf  w.ih  rinul.'  for  tw  l.y  Hov.T,  of  \Voo.| 
(ir.-...i.  iiti.l  lias  work.il  n-jriilarly  for' s-.m.'"  vrars  in  th- 
••I.Ttriral  .|"|.;ir»rn.'nt  at  St.  Mury'n  (Ki«.  1'2).  '  Th.>  l.att.-ry 
nirri'Mt  is  Ir.l  on  to  the  commut  itor.  un.l  tlu-  .■lr<fr.Mh. 
wins  an-  f.iMt-ri.Ml  U}  two  binding  .hh'ws  corimTtf.!  to  tli.> 
tw..  m.-r.iiry  cups  on  ono  Hid.'.  Tlu"  ix'n.ltiliirn  of  th. 
Mi'tronomo  is  s,-t  to  lx«at  at  thn  rak'  of  two  half-lM-ats  in  a 
Kfnni.l,  and  wound  up  U)  continue  working  T.r  about 
twenty  niinutvs.  If  tho  two  lower  «.xtn.miti..s  r...,uir« 
tho  tn-atnicnt.  it  is  m(.»t  convenient  to  have  tw..  f.u.t- 
baths,  fontaininn  warm  water,  with  one  electr..de  conneeted 
to  each,  i.n.«  of  tlie  patient's  feet  Immiik  plaeed  in  eacli  bath. 
Tliis  inethcHl  is  very  emcaeiou.s,  and  Hives  a  considerable 
amount  of  manual  labour,  k'ing  a  ncccMity  in  hospital 
practice. 

It  is  remarkabh.  how  cases  of  infantile  paralysis  which 
have  been  ne>;lerted  will  often  improve  under  steady  gal- 
vanism and  massiKe,  as  the  mus-.Ies  which  have  iK'en  only 
partially  damaged  often  require  persistent  stimulus  In-fore 
th-y  can  be  voluntarily  us"d.     I  have  seen  a  yirl  of  fifteen 
with  severe  jjoliomyelitis,  who  for  six  months  had  l>een  un- 
able to  get  up  ouf(.f  a  chair  or  to  j.ii-k  up  anything  by  hcr- 
sf'lf,  imi)rove  so  much  under  this   method   of   treatment, 
although  she  could  only  obtain  it  twice  a  week,  that  she 
became  quit<'  independent  of  other  help.     In  bad  cases  the 
treatment  should  be  persisti'd  in  for  at  least  six  months, 
and  the  massage  may  be  continued  with  benefit  for  a  year 
or  eighteen  mouths. 

POLIOMYELITIS 
Subacute    poliomyelitis  is  occasionally  met  with  affect- 
ing the  muscles  of  the  extremities.     It  is  not  very  infre- 
quent in  cases  of  severe  and  recurrent  lead  poisouing,  in 
wlUch  the  ordinary  form  of  wrist  drop  and,  perhaps,  deltoid 
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piralysis  (iilsM  from  li-ad  ii.Miriti»)  art-  promiru'iit  svriiptoniH. 
fii  th«'H"  mixi'd  ciiMfH  cif  iiciiritirt  nn<l  iioliMinvolitis  tlifn-  will 
Iw  the  iiHiml  paralysis  ami  waHtini;  ..f  tlir  .'xN-nHnrs  of  tlii> 
liiiyrrH  arul'df  tin-  wrist,  with  I's-apr-  t»f  the  fxtmsor  i<nn\n 
iiiftacarpi  pdjlici.s  and  cxh'iisi.r  prinii  iriNTiio<lii.  In  j|<l<li- 
tion,  atrophy  of  th«'  intrinsic  miiscl.s  in  on»»  or  JM.th  hajifls. 
most  marked  in  th.-  tlimar  «>n::n«'n(»'  and  two  (.utcr  dorsal 
inter  >ss'i.  will  indiciit*-  an  additional  poli«.nm'litis,  which 
usually  d»!Vt'lops  Rnl.aciitcly.  the  weakness  of  the  hands 
and  the  wastinji;  reaching  its  height  in  fn.m  one  to  two 
nutnths,  ami  then  Iwcomin^  stationary.  Somctinies  in  lead 
poisoninji  the  p«.li(,myelitis  may  attack  tii.-  fon-arm  ah.ne 
without  neuritis  orcurrinff,  and  the  distrilnition  of  the 
muscles  afTected  may  closfly  simulat*'  the  usual  wrist-  and 
firiKer-drop  prcMluced  l.y  neuritis.  The  weakness  may  then 
be  limited  entirely  to  one  forearm ;  and  another  point  of 
distinction  from  neuritis  will  l»o  that  the  muscles  will  Ih' 
afTected  in  pnuips  accordinp  to  their  spinal  seLnnental 
supply.  Thus,  in  one  case  the  extensors  of  the  fmfjers,  the 
extensor  oasis  metaearpi  pollicis,  the  extensor  prinii  intrr- 
n«Klii,  and  the  extensor  carpi  ulnaris,  wen*  paraly.sed  together 
on  one  side,  the  weakness  havinfr  gradually  develo|M-d  during 
two  months  and  remained  i>ermanent  without  any  pain  or 
other  sensory  symj)toms.  In  this  case  the  involvement  of 
the  ulnar  extensor  and  estajM'  of  the  radial  extensor  of  the 
wrist  were  the  chief  clue  to  the  diagnosis  of  p(»li«>myelitis 
instead  of  neuritis,  since  the  ntdial  extensors  are  supplinl 
by  the  fifth  and  sixth  cervical  segment,  and  the  ulnar  ex- 
t<^nsor,  with  the  oxt<>n8or8  of  the  fingers  and  thumb,  from 
the  seventh  cervical. 

It  is  of  the  utmost  importance  from  the  point  of  view 
of  prognosis  to  make  a  correct  diagnosis  Wtween  polio 
myelitis  and  neuritis,  because  the  former  condition  will  Ik? 
permanent,  while  the  latter  will  almost  certainly  recover 
under  proper  treatment. 

Another  common   mistake  is  to  diagnose  these  cases 
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of  8ul.=icut..  iM)liomy..!it;  ,p„  (,f  pro^rossive  muHcular 

atrophy,   n'ognisinfr  tlu-ir  spinal  oriKJii,   l.ut  making  the 
nnstakc  of  (•f»nHi(h'riM«  them  as  chronic  progo'ssivc  ant<'rior 
pf.liomyclitis.   and   thcrcforo  of  |,„d  prognosis,  inst^-ad  of 
n'cogni.sing  the  huW.huU'  nature  of  the  process,  which  reaches 
Its  lieight  in  a  month  or  two,  and  then  becomes  arrestod. 
In  lead  poisoning  this  form  of  suhacute  poliomvelitis  is  not 
uncommon,    and    may    even    affect   all    four   extremities; 
hut  tru.'  progressive  muscular  atrophy,  causing  death,  is 
an  extrem.-ly  rare  secjuel  of  lead  poisoning,  though  I  have 
seen  it.       In   (he  subacute  form    of   spinal  paralysis  just 
descrihed  the  reaction  of  degeneration  on  electrical  testing 
of  the  musc^les  will  not  !«.  so  well-marked  as  in  cases  of 
neuritis.     Thus   the   faradic  and  galvanic  irrit^ihility  will 
dimmish  almost  ••qually,  although  the  galvanic  irritability 
IS  always  retiined  longer  than  the   faradic,  with  sluggish 
reaction,  but  giving  K('r>A("(', 

Treatment  of  the  subacute  and  chronic  forms 

of  poliomyelitis  consists  of  injections  of  strychnine  hypo- 
dermically,  with  massage  and  galvanism.     If  the  muscles 
still  give  fair  reactions  to  faradism,  then  coml)ined  faradism 
and  galvanism  may  bo  advant^igeously  employed,  or  the 
sinusoidal  current  may  give  good  results.     The  same  method 
of  applying  the  galvanism  should  k'  pursued  as  described 
under  the  treatment  of  acut<>  poliomyelitis.     If  combined 
faradism  and  galvanism  is  decided  on.  the  strength  of  the 
galvaniiun  must  be  less  than  when  used  alone,  as  the  addi- 
tion of  the  faradism  would  otherwise  be  painful.     Reversals 
of  ;J  to  f)  ma.  should  be  used,  com])ined  with  slowly  inter- 
rupted faradism.     The  interruptor  of  the  faradic  batterv 
shouhl  bo  so  arranged  as  to  give  not  more  than  four  in- 
terruptions per  second,  and  the  strength  of  faradism  used 
should   be  just  suffi-ient  to  cause  visible  contractions  of 
the   mus.les   b..fore  any   galvanism   is  turned  on.     Then 
after  placing  the  ..witch  of  the  combined  battc-rv  in  posi- 
tion for  tho  combined  current,  or  after  connecting  the 
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nogativo  polo  of  the  spcondary  fanidic  coil  to  the  positive 
pole  of  thp  galvanic  hattory,  if  two  soparato  hattories  are 
used,  the  cloctrode  wiros  arc  ronncctod  to  the  two  n/niain- 
ing  binding  screws  of  the  two  batteries,  and  the  galvanism 
is  slowly  turned  on.  If  the  two  batteries  have  l>een  pro- 
perly connected  up,  the  addition  of  the  galvanic  current, 
even  without  reversals,  increases  the  strength  of  the  mus- 
cular contractions  which  are  being  produced  by  the  slowly 
interrupted  faradism,  so  that  the  contractions  due  to  the 
faradism,  which  were  previously  only  just  visible,  now  in- 
crease in  strength  in  proportion  to  the  amount  of  galvanism 
turned  on  in  addition.  This  increased  irritability  of  the 
motor  nerves  is  due  to  the  electrotonic  effect  of  the  gal- 
vanic current.  From  3  to  5  ma.  should  be  sufTicient,  and 
the  direction  of  the  current  should  be  reversed  mechanic- 
ally about  once  a  second. 

This  form  of  current  is  very  convenient  and  useful  to 
p  in  arm  or  leg  baths,  or  with  the  electrodes  strapped  on 
to  thn  limbs,  and  with  a  mechanical  reverser,  such  as  the 
metronome,  ihe  patient  may  1)0  left  with  perfect  safety  for 
the  required  time  of  the  treatment,  without  the  slightest 
danger  of  electrolysis  of  the  skin.  If,  however,  the  gal- 
vanic current  is  not  reversed  frequently,  there  is  consider- 
able risk  of  buniing  the  skin,  and  quite  ugly  sore  places  may 
l)e  produced.  The  patient  will  complain  of  a  feeling  of 
sharp  pain  and  burning,  especially  as  the  pad  begins  to 
dry,  and  electrolysis  then  commences  to  take  place  at  the 
surface  of  the  skin  instead  of  in  the  moist  substance  of  the 
pad.  Re-wetting  the  pad  makes  the  contact  with  the  skin 
better,  and  therefore  allows  of  more  current  passing,  yet 
it  slops  the  feeling  of  burning,  and  the  danger  of  electro- 
lysis of  the  skin  is  less.  Wlionovor  galvanism  is  Wing 
given  continuously  without  reversals,  at  a  stn^ngth  of 
.')  ma.  or  more,  for  five  minutes  or  longer,  groat  care  should 
1)0  taken  in  the  adjustment  of  the  pad  to  the  skin,  to  see 
that  it  presses  evenly  over  its  whole  surface,  and  that  the 
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"H.l  of    Ik.  ,,a.l.  „r  tho  win.  I,.adin«  t.  if,  i„  nota„ywlH..c 

/;;;;;;''V7'' ^''-^^•''>-  '^s  a  «ood  ph.,  too.  to  take 

on     H.  pads    or  n.-w..ftn„.  I.alf-way  through  the  t,vut,ne„t. 
'".'  '  '"  ^^'"-J".  "ot  mu.h  benefit  is  to  In-  lo..k..,l  for  from 

vXrH '*"'';''"'■'  '"/"''"•"»^'  -'<l  ••»-""i'^  ).olio,nvelitiH, 
^'"  >'•<•    Hh.  ,,alvan„.,  furadie,  or  any  otlu-r  forn,  of  ,:urn.„ 

^...-mploy..       Tho..on.,itio,,is,how...r,sos™.Ha,lis 
a       t;     to    the    paf.ent    that    eleetnVal    treat,ne„t    shouhl 
alvv.us  he  ,.ve„  a  trial,  in  a.hlition  to  any  other  therapeutic 
--.n  s      at  n,ay  h.  thon.ht  neee.san^  „neh  an  n.aLa,o, 
<^'n•ls•^s    the  a.ln.nustration  of  strychnine  or  other  druL's 
n  suhan.te  and  even  chronic,  n.us'uh.r  wastinfr  appar- 
<-nt  y  of  ,spM.a_I  origin,  hetueen  the  a^es  of  twentv-one  and 
o  ty-nv,,   ,t  ,.s  a  ,ood  rule  to  consider  the  pos^ihiiitv  of 
s>I>fMh.s  as  a  cause,     (hinunatous  meningitis,  or  a  gumma 
.lu  naKu.,  the  sp„.al  root.s  in  the  cervical  region,  mav'  cans-. 
r.il.  <1  muscular  wasting,  with  severe  neuralgic  pains    and 
IHThaps    weakness    of    the    h>wer    extren.ities    Ind    other 
svmpton,s  of  a  spastic  paraplegia  <lue  to  i,ressure  on  the 
Bpinal   cord.     The   .same   process    „,ay   affect    the   lumhar 

^s  ,  «,lf  as  a  p,unnmt<.us  neuritis  implicating  the  nerves 
of  the  lumhar  an.I  sacral  plexus,  causi.^g  pain  in  the  lumbar 
region  which  may  he  mistaken  for  lumhago,  followed  by 
wasting  of  the  thigh  or  leg  muscles,  and  variable  degrees  of 
una.thesia.     Binicdide  of  mercury  in   .ufHcient  dLs  ,„ 
these  cases  will  probably  arrest  the  progx  ss  of  the  disease  ; 
and  in  the  majority,  unless  the  process  has  b^-en  allowed 
to  i)rogre.ss  too  far,   the   muscles  eventuallv  will  recov(.r 
.•omi,letely.     Their  recov.-ry  may  bo  hasten^^d  by  emplov- 
«"^'  Jialvanism  and  faradism.  preferablv  in  the  form  of  the 
cond>ined,.urrent.     Syphilis,  it  is  true,  may  rarely  originate 
■i  .sub.uu  ,.  or  chronic,  form  of  ant^^rior  poliomvelitis  •    in 
t""s;   unfortunate  cases   no   improv(>ment   wilffoHow   the 
|ul.n.nistrafK>n  of  „,..rcury  a.ul  iodide,  and  electrical  ImU- 
ment  will  also  be  of  no  avail. 
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AllTHUrriC  ATUOniY 

Is  a  rt'flcx  muscular  atropliy  occurring  in  the  mus'jles  which 
arc  capahli!  of  moving  a  joint  or  limb  that  has  either  l)een 
injured,  or  has  become  diseased.  It  is  more  especially  the 
al)duct<jrs  of  the;  joints  which  atrophy  most,  such  as  the 
deltoid  in  cases  of  lesion  of  the  shoulder  joint,  and  the 
glutei  for  the  hip  joint.  This  form  of  muscular  wasting  is 
very  usually,  but  erroneously,  ascribed  to  disu-se  of  the 
limb  ;  but  it  occurs  too  rai)idly  for  this,  and  is  often  much 
more  niiirked  than  disuse  could  pos^'ibly  account  for.  Sher- 
rington has  shown  exj)eriment;illy  i!:..t  division  of  tlu;  pos- 
terior roots  supplying  the  neighbourhood  of  a  joint,  at  the 
sime  time  that  the  joint  is  ii»jured,  will  prevent  the  onset 
of  arthritic  atrophy  of  the  muscles  that  would  occur  if  the 
posterior  roots  had  been  left  uninjurc(L  This  means  that 
arthritic  atrophy  is  the  result  of  a  n'flex  process,  whereby 
afferent  impulses  from  the  damaged  limb  or  joint  travel  up 
to  the  spinal  cord  by  the  post^'rior  root«»,  and  then',  by 
means  of  collaterals  to  the  anterior  horn  cells,  exert  an  in- 
fluence upon  the  nutrition  of  these  cells,  which  leads  to  a 
certain  degree  of  wasting  of  the  muscles  supplied  by  these 
cells.  If  the  posterior  roots  liave  been  destroyed  previously 
to  the  joint  lesion,  then  these  muscles  will  not  waste,  owing 
to  the  absence  of  the  inhibitory  influence  of  the  afferent 
impulses  upon  the  trophic  muscle  centres  in  the  anterior 
horns.  Examples  of  arthritic  atrophy  are  the  wasting  of 
the  thigh  muscles  and  glutei  in  hip-joint  disease  or  fracture 
of  the  neck  of  the  femur,  wasting  of  the  deltoid  and  spinati 
in  oateo-arthritis  or  tubercle  of  the  shoulder  joint,  and  of 
the  forearm  muscles  in  osteo-arthrftis  or  tubercle  of  the 
wrist. 

The  faradic  reactions  in  arthritic  atrophy  are  dimin- 
ished as  compared  with  the  sound  side,  and  are  slightly 
more  sluggish.     The  galvanic  reactions  also  show  the  same 
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changes,  tho  altrrod  rouctions  to  farudiHrn  and  to  galvanism 
-ing  pn-csHy  similar,  thus  clifT.rinfr  from  the  reaction  of 
.h-f^;Merat,on.     There  will  Ik.  no  te.ulerness  of  the  muscles, 
no  fibrillary  tremors  nor  anjcsthesia; 

IIE.MII'LEGIA 

WVn  of  organic  origin,  hemiplegia  is  usually  accom- 
panied l,y  u  (,.rtam  degn-e  of  muscular  wasting  of  the  lin^bs 
on  the  paralysed  sid.'.     In  some  eases  the  wasting       ^ 
••xcessiv,.  as  t<,  suggest  some  a.lditional  neuritis  or  polio- 
myelitis   though  the  absence  of  any  reacti<,n  of  degenera- 
lon  w.l  exclude  this  complication.     The  wasting  is  not  due 
to  simple  inaction  of  the  j.aralysed  limhs.  since  an  equal 
'H'ree  of  nnmohility  may  he  present  in  functional  hemi- 
pU'gia,  in  which  such  wasting  does  not  occur.    The  atrophy 
<.f  organic  lu-miplegia  is  in  some  way  dependent  on  the  lesion 
of  the   upper  neurone   so   affecting   the   nutrition   of  the 
ant<.rior  horn  cell,  in  th..  spinal  cord,  which  correspond  to 
the  damaged  fibres  of  the  pyramidal  system  above,  that  the 
muscles  supplied  by  these  trophic  centres  rapidly  waste 
van  passu  with  the  ajjpearance  of  spastic  rigiditv      The 
electrical   reactions   will    become   altered,    sluggishness   to 
both  faradism  and  galvanism  rq.Iacing  the  normal  quick 
twitch  of  healthy  mus-le,  and  a  stronger  current  will  be 
required  to  elicit  the  contractions  than  on  the  sound  side. 
J  here  is  no   RI),    however,  which  is  only  found  in  lesions 
o    the  lower  neurone,  either  of  the  anterior  horn  cells  or 
of  the  nerves  supplying  the  muscles.     That  is  to  say   there 
13  no  disappearance  of  the  faradic  reactions  with  preserva- 
tion and  hy,M.rexcitability  of  tlu-  contractions  to  galvanism 
with  polar  change,  ACC  >  KCC. 

A  similar  condition  of  nmscula-  wasting  of  the  lower 
extremities  from  an  injury  to  the  upper  neurone  is  seen  in 
cases  of  totx\  transverse  lesion  of  the  spinal  cord  due  either 
to  fracture,  dislocation,  or  to  myelitis.  lu  these  cases 
rapid  wasting  of  the  muscles  of  the  lower  limbs  ensues  with 
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complete  flaccid  paraplegia,  absent  knee-jerks,  sphincter 
paralysis,  totul  ana'sthosia,  and  perhaps  faint,  sluggish 
extensor  plantar  reflex.  Extreme  muscular  wasting  may 
occur,  yet  no  PD  is  seen,  the  reactions  lK)th  t«  faradism 
and  to  galvanism  In'ing  rapidly  lost.  This  wasting  usfd 
to  l»e  ascril)ed  to  a  descending  myelitis  involving  the  lumbo- 
sacral region  of  the  cord  ;  but  this  has  l)een  shown  not  to 
\>c  the  case,  the  anterior  horn  cella  in  such  cases  showing 
absolutely  no  changes. 

Now,  in  hemiplegias  it  is  not  at  all  infrequent  for  joint 
lesions  to  l)e  developed,  especially  in  the  distal  joint^s  of  the 
fingers ;  though  occasionally  a  large  joint,  such  as  the 
shoulder,  may  become  extremely  disorganised  by  Charcot's 
joint  disease.  Joint  lesions,  therefore,  in  hemiplegia  will 
be  an  additional  cause  of  the  onset  of  must  ular  wasting. 
Sometimes  the  periarticular  adhesions  in  thew  cases  cause 
such  extreme  pain  on  movement  of  the  limb  that  no  treat- 
ment by  massage  or  electricity  is  feasible  at  first.  Radiant 
heat  baths  may  then  be  of  service,  and  later,  light  massage. 
After  this  has  been  done  for  a  week  or  two,  electrical  treat- 
ment by  combined  faradism  and  galvanism,  aa  already 
described,  may  \ye  advantageously  added,  and  later  still, 
when  late  rigidity  is  becoming  manifest,  the  sinusoidal 
current  will  be  of  more  service.  A  frequent  question  to 
arise  is  whether  the  periarticular  adhesions  limiting  the 
movement  of  a  joint  shall  be  broken  down  forcibly  and  the 
joint  moved  under  an  anaesthetic.  Although  this  treat- 
ment may  undoubtedly  be  of  the  greatest  service  in  the 
case  of  joints  fixed  by  local  injury  or  disease,  it  is  far  less 
successful  in  the  case  of  jointa  whose  fixity  is  the  result  of 
neuritis  or  of  he  plegia  ;  and,  as  a  general  rule,  it  will  be 
far  better  to  trust  to  long-continued  massage  and  passive 
movements,  with  arthromotor  exercises,  than  to  break 
down  the  adhesions  forcibly.  Usually,  if  this  is  done, 
there  is  considerable  swelling  and  local  reaction,  with  intense 
tenderness,  preventing  all  movement  for  some  little  time, 
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'orm  again  as  densely  as 


and  the  adhesu.ns  very  rapidly  fc 
Ix'fore. 


N'KlKiTis 

ms  is  an  extremely  common  disease,  but  the  t«rm  is 
one  wluch  has  been  very  loosely  used,  especially  by  the 
l^y,  for  all  sorts  and  conditions  of  muscular  weakness  and 
wa.st.nK,  par.^the.s.a,  and   even   neurasthenia,  that  it  will 

0  a.lv-.sa I.,  rst,  to  cla.sifv^  briefly  what  is  meant  by 
"•'»nt.s  I  he  t..nn  s.p.ufi.s  "  i,.flummation  of  a  nerve  or 
nerves,''  and  the  process  may  be  either  acut.,  subacu^l   o 

J.ron,c  At  the  same  time,  the  cause  of  the  nerve  in- 
nanunation  „,ay  be  local,  such  as  the  pressure  of  a  crutc-h 

n  the  muscu  o-sf„ral  nerve,  or  the  exciting  cause  of  the 

s  n„„etncally  on  both  s.des  of  the  body  alike,  such  as 
alcoholic  or  diphtheritic  neuritis. 

Common  examples  of  local  neuritis  are  facial  palsy 
sciatica,  brachial  neuritis,  and  injuries  to  the  nerves  of  the 
upper  limb  or  brachial  plexus,  due  to  pressure,  din^ct  vio- 
ence,  etc.  Numerous  cases  of  local  neuritis  are.  those  due 
to  gout  or  rheumatism  ;  while  rarer  forms  are  tubercular 
leprosy  and  ascending  or  migratory  neuritis.  S^-philis  is  a  not 
uncommon  cause  of  local  neuritis  of  the  crani^  nerves,  due 

Ltlf'     'I'";  '"  '  g"'"™-*^"^  naeningitis,  and  the 
lumbar  or  sacral  plexus  sometimes  suffers  similarly 

Toxic  multiple,  or  peripheral  neuritis  is  commonly 
produccl  by  long-continued  overdoses  of  alcohol,  lead  or 
arsemc  ,•  by  dialx^f's,  diphtheria,  or  septicemia.  Beri- 
beri m  the  East  is  a  well-known  variety,  the  poison  which 
sets  up  the  disease  Wing  probably  due  to  an  infection  by 
a  bacillus  or  other  form  of  micro-organism.  The  mode 
by  which  ,t  gains  admittance  is  not  known,  but  two  views 
which  have  long  been  hold  of  the  etiology  of  the  disease 
ascri  1.  .t  .^her  to  the  rice  us.l  as  food^r  to  Lh^ 
for  diet.     Both   tubercle  and  rheumatism  are  occasional 
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causes  of  multiple  neuritis,  though  more  commonly  these 
causes  act  locally. 

FACIAL  PARALYSIS 

Facial  paralysis  is  most  commonly  due  to  one  of  two 
causes  :  (a)  chill  to  the  side  of  the  face  from  exposure  to 
a  draught,  often  during  sleep;  this  type  is  sometimes 
called  rheunaatic,  though  there  is  little  or  no  evidence  to 
show  that  rheumatism  plays  any  part  in  its  production, 
(fe)  Middle-ear  disease. 

(o)  Facial  palsy,  due  to  chill,  may  come  on  within  a 
few  minutes  of  the  exposure  to  cold,  or  it  may  be  noticed 
on  waking  up  in  the  morning  or  especially  aftt-r  sleeping 
out  in  the  open.  Probably  the  old  superstition,  that  fall- 
ing asleep  with  the  moonlight  shining  on  the  face  produced 
drawing  over  of  the  face,  is  connected  with  the  observed 
fact  that  exposure  of  the  face  when  asleep  at  night  is  often 
followed  by  facial  paralysis.  The  condition  of  the  nerve  has 
been  stated  to  l)e  one  of  degenerative  neuritis,  most  intense 
at  the  outer  end  of  the  Fallopian  canal,  and  in  the  peripher.il 
fibres;  not  an  interstitial  neuritis,  as  might  be  expected. 
Facial  paralysis  due  to  chill  is  not  very  unfrequently  accom- 
panied by  some  anaesthesia  to  light  touches  of  the  cheek  and 
forehead,  due  to  the  synchronous  involvement  of  the  terminal 
exposed  branches  of  the  fifth  nerve.  The  muscular  palsy 
is  complete  at  first,  in  all  except  the  slighter  cases,  and 
involves  the  upper  and  lower  muscles  equally,  notably 
the  frontalis  and  the  orbicularis  oris,  which  escape  ia 
the  supranuclear  type  of  facial  paralysis  met  with  in 
hemiplegia. 

The  face  is  thus  drawn  over  to  the  sound  side,  the  angle 
of  the  mouth  and  the  philtrum  being  displaced  by  the  tonic 
contraction  of  the  sound  muscles.  The  forehead  is  smooth 
on  the  paralysed  side,  and  all  the  wrinkles  are  diminished 
in  prominence.  Tears  overflow  down  the  cheek  on  account 
of  the  paralysis  of  the  orbicularis  palpebrarum  allowing 
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the  punctum  of  tho  lowor  li.l  to  fall  away  from  the  globe  • 
whilo  food  coILcta  in  tho  cheek,  and  the  cheek  hanRs  a' 
litt le  an.l  flaps  in  titlkiriR,  and  the  lipn  cannot  ^rasp  the  cup 
in  drink.«K.  an.l  saliva  is  apt  to  drihble  out  of  that  corner 
of  the  mouth.     Owin^    to    the  panilysis  of    the  st^ipedius 
muscle,  winch  is  supj.Ii.-d  from  the  seventh  nerve,  hviHTa- 
CU8I8  may  Ik.  noticed  as  a  sympt.>m.     Loss  or  diminution 
of  tii8t<.,   too,  ,«  commonly  ,,resent  on  the  anti-rior  two- 
tfimls  of  the  t<,n«ue  on  the  affe(t<..l  side,  owing  to  the  in- 
volvement of  the  chorda  tympani  fibres  which  run  with  the 
motor  fibn-s  of  the  facial  in  the  Fallopian  c;inal  as  far  as 
the  geniculate,  ganglion,  whence  they  diverge  into  the  pars 
intermedia  Wrisbergi.     This  loss  of  tast«  is  usuallv  present 
m  the  so-called  rheumatic  facial  palsy,  as  well  as  in  those 
cases  du..  t.,  involvement  of    the  nerve  from  middle-ear 
dKyase.     In  a  few  instances,  however,  of  rheumatic  facial 
palsy,  the  tjiste  fibri's  appear  to  escape  entirely,  2)erhaps 
owing  U>  the  facial  nerve  \mufr  damaged  outside  its  exit 
from    the   stylo-mastoid   foramen.     A   certain   amount   of 
aching  pain,  usually  referred  behind  the  ear,  is  very  com- 
monly present  for  a  few  days  after  the  onset  of  rheumatic 
facial  i)al8y,  a  symptom   which  may   lead   to   a   mistaken 
diagnosis    of    middle-ear  disease.       The    amount    of    the 
facial   deformity    is   no   criterion    of   the   severity   of  the 
neuritis,  for  the  face  is  often  pulled  over  as  much  at  first  in 
the  slight  cases  which  may  be  perfectly  well  in  a  month  as 
m  those  which  t^ike  many  months  l)elore  much  improve- 
ment is  noticeable. 

The  electrical  reactions  will  vary  according  to  the 
severity  of  the  damage  to  ;  he  nerve.  In  the  slightest  cases 
such  as  those  which  occasionally  develop  within  twenty- 
four  hours  of  an  operation  on  the  mastoid  for  middle-ear 
disease,  the  full  reaction  of  degeneration  is  not  met  with 
There  will  be  no  preliminary  stage  of  hyperexcitability  of 
the  n^i've  to  faradism,  and  the  faradic  reactions  will  never 
be  entirely  lost,  only  diminished  ;    while  the  galvanic  re- 
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actions  will  show  only  a  trace  of  hyperexcital'ility,  and  the 
kathodal  closure  reactions  will  always  l)o  the  stronger, 
though  they  will  be  a  little  more  sluggish  and  prolonged 
than  the  normal.  Sometimes  this  sluggishness  of  closure 
contraction  will  be  more  pronounced  to  the  anode  than 
to  the  kathode.  In  these  cases,  although  voluntary  power 
over  the  facial  muscles  is  completely  lost  at  first,  and  the 
mouth  is  drawn  over  to  the  other  side,  the  tonic 
contraction  of  the  paralysed  muscles  returns  very  quickly, 
so  that  even  on  the  next  day  it  may  be  noticed  that  there 
is  less  deformity,  and  in  a  few  days  scarcely  any  difference 
may  Ik'  seen  In'tween  the  two  sides  when  the  face  is  at  rest, 
althougl'.  the  weakness  will  appear  in  acts  such  as  showing 
the  teeth  or  smiling.  By  the  end  of  a  month  there  may  be 
no  difference  detectable  even  on  movement. 

It  is  such  cases  as  this,  subsequent  either  to  middle- 
ear  disease  or  to  chill,  which  make  it  difHcuIt  to  believe 
that  a  degenerative  neuritis  is  present  in  all  such  cases  of 
facial  paralysis,  as  has  l)een  described  in  a  few  of  the  fatiil 
cases.  If  such  were  so,  it  is  inconceivable  how  perfect 
recovery  of  function  could  possibly  take  place  in  a  month ; 
while  if  the  lesion  is  a  perineuritis,  as  is  found  in 
ear  disease,  causing  paralysis  by  pressure  on  the  nerve 
fibres  contained  within  the  nerve  sheath,  it  would  l)e  quite 
easy  to  understand  how  the  absorption  of  the  pcrineuritic 
or  interstitial  inflammation  of  the  nerve  sheath  would  set 
free  the  fibres  from  pressure,  so  that  recovery  of  func- 
tion might  take  place  completely  within  a  very  few  weeks. 
On  the  other  hand,  if  the  lesion  were  a  degenerative  neuritis, 
months  would  have  to  elapse  before  recovery  of  function 
could  commence,  judging  by  what  we  know  from  analogy 
of  the  regeneration  of  other  motor  nerves,  in  which  five  to 
six  months  may  be  taken  as  a  fair  average. 

The  more  gpv»>r«»  ca,ws  of  facial  paralysis  require  from 
three  to  six  months  for  recovery,  and  in  a  large  number  of 
them  motor  recovery  is  not  perfect,  although  the  muscles 
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may  mr,v.r  sufTuiVnt  t..nic  contraction  t<,  l.rin^  tho  faco 
jHTf.-.tIy  straight  apun.   and  8o   hid.  all   the  .h-formity 
"    I'"  n.o.st  H..v..n.  cas,..H,  in  whi.K  tho  n.rv.  han  boon  com- 
P  .'My  .h.s  roy,.,l    as  l.y  a.d.l.ntal  .hvi.io„  i„  «  mastoid 
o^  'ration,  th.  d.-forrnity  n-mains  i^nnanont,  an.l  no  tonic 
Htracfon  of  fh.  mu.clo.s  tak...s  plac..     Such  permanent 
wul    co„.,,l,.t...    facial    paralysis    is    fortunat..lv    not    vcrv 
-"»""•"  ;   yven  i„  seven,  cas.n  sufli-ient  powe'r  of  conduJ- 
'"•"  HlonK  the  nerve  usually  returns  to  allow  of  reapiM-ar- 
HH'-  of  ^..u<y<.ntraction  of  the  paralysed  muscles    thus 
I  «•  l".«    the    fac-e    straight    a^uin.    an.l    obliterating    the 
;  "f-muty,     after     six     months    or    n.on..     although    at 
the  same  tune    no    v„lu„tury  power    whatever   over   the 
"...scles    may    In,    regainr<l.       I„    the    more    severe    cases 
this    tome    contracture    U-comes   overdone,    and    the    face 
W.I    IH^  drawn    over  t..o  mu.h,  so  that  at  rest  the  angle 
.>    the  mouth   may  Ih,  drawn  over  to  the  paralysed  side, 
the  naso-labu:l  fold  will  1.  deeper,  and  the  palpebral  Assure 
partial  y  dos.-d.  s,.  that  the  paralysed  si.le  may  be  mis- 
tiken  for  the  sound  side,  and  vice  tersd 

It  .s  oft<.n  impossible  to  say  in  the  early  st^iges  whether 
the  case  IS  one  of  complete  and  permanent  paralysis,  in 
winch  the  nerve  hbres  ar«  entin-ly  destroyed,  or  whether 
a  fair  degree  of  recovery  may  take  place.  The  firat  sign  of 
conunenc.ng  recovery  will  be  the  return  of  tonic  contraction 
of  the  muscles,  so  that  the  mouth  is  less  drawn  over,  and 
the  defonnity  apjM^ars  less.  This  tonic  contraction  ro- 
appcan,  b<.fore  there  is  any  return  of  voluntary  power 
over  the  muscles ;  and,  as  I  have  said,  in  severe  4ses  the 
t<Hnc  contraction  may  bring  the  face  quite  straight  again 

Mn.od.     In  the  severe  cases,  after  the  lapse  of  a  week  to 

ti:;;:^',  '""  ^"">-'^';-'«P-i  ^ype  of  reacL  of  degener!:^ 

•on  w.ll  be  seen  on  electrical  testing  of  the  muscles      That 

'3  to  say,  there  will  be  no  muscular  contiaction  produced  on 

stinmlating  the  facial  nerve,  either  at  the  stylo-maHtoid 
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fitmnu'ii  or  in  front  if  the  ••ur,  witheitluT  tlu>  fiinidk"  «>r  th« 
Ralvanic  nirn'ut.  KaradiHm  similarly  will  j>rnv«>k«'  n«»  con- 
traotifin   when   applicU  din-rtly   uwr  the   muHcK's  ;    whilo 


th< 


n'  will  iH'  hyiMTcxcitalMliiy  ami  hIu^kihIi  rontractHum 
to  galvanism,  tho  nuisch's  ffiving  (Iffuiit*'  rontractions  with 
a  curnMit  of  I  ma.  or  It-ss,  with  the  polar  chango  ACC  > 
KCC. 

(6)  Facial  paralysis  is  l»y  no  moans  an  uncommon  com- 

jilication  of  Suppurative  middle-ear  disease,  and  it 

may  <KTur  in  \  trious  ways.  When  facial  palsy  (»ccurH 
spontnnoously  (luring  the  coursp  of  a  chronic  otitis  media, 
it  is  due  to  a  spread  of  the  inflammatifin  to  the  sheath 
of  the  iorve,  which  has  InM-ome  exjxised  owing  to  the 
ailvancin,  caries  in  the  |M>trous  pctrtion  t>f  the  temjMtral  hone. 
This  form  of  facial  palsy  always  occurs  during  an  exacer- 
hation  of  the  middle-ear  suppuration,  and  it  is  always  a 
very  severe  form  of  paralysis,  little  or  no  recovery  (xcur- 
ring.  There  is  generally  consiih-nthle  pain  in  and  Indiind 
the  ear  at  the  time  of  its  onset ;  hut  this  is  due  to  the  eaJ 
disease,  and  n(»t,  as  in  the  rheumatic  form,  to  a  synchron- 
ous neuritis  of  exposed  portions  <»f  the  fifth  nerve  and  the 
cervical  plexus. 

A  common  cause  of  facial  paralysis  is  a  i  operation 
on  the  mastoid  for  the  chronic  suppurative  middle- 
ear  disease  ;  and  this  form  of  palsy  may  Im;  of  the  most 
severe  type,  or  it  m^y  be  slight  and  transient.  The  most 
complete  and  jwrmanent  type  is  due  to  actual  injury  to, 
or  division  of  the  nerve  at  the  time  of  the  operation  ;  and 
it  will  1)6  recognised  by  m  irked  twitching  of  the  f  icial 
muscles  at  the  time  of  the  injury,  which  is  immediately 
followed  by  complete  paralysis  of  thit  side  of  the  face. 
There  will  1k»  found,  on  testing,  complet-  loss  of  taste  on  the 
anterior  two-thinls  of  the  tongue  on  that  sidi'.  This  is  now 
a  ran^  event  in  surgery,  owing  t^>  th->  fn-<{ii"ncy  with  whi'h 
the  operation  is  practised,  and  the  consequent  improve- 
ment in  technique.    A  severe  type  of  facial  paralysis  is 
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also  very  liiiMc  to  follow  nmHtoid  opTiifions  in  which  a 
ht'iivy  niullft  is  uh<'»1.  Although  the  wrw  may  not  Ik' 
lutujilly  toiirluMl  l.y  tlii'  chisel,  yet  it  riiiiy  .sufTrr  from  the 
shock  of  the  hlowH,  which  causes  hn^nKirrhap'  into  the 
Hhcuth  of  the  nerve  in  the  Falloj>ian  canal,  thus  com- 
pri'ssiriR  the  nerve, 

Tcrhafw  the  commonest  form  of  facial  paralysis  follow- 
ing m;istoi<l  (.{MMtions  is  that  which  ensues  some  hours, 
••reven  a  whole  day,  aft4'r  the  completion  of  the  operation. 
It  is  ol.vioiis  that  this  (^annot  Iw  due  to  any  injury  c»r  com- 
pn'.ssion  of  the  nerve  «»(!currinp  at  the  tim«5  r)f  the  o^MTation  ; 
l»ut  it  is  appaD'fitly  duo  to  an  infl  immatory  neuriti.s  of  the 
nerve  sheath,  possibly  sometimes  from  the  action  of  anti- 
septics us-d  to  .syrinye  out  the  cavity,  or  sometimes,  jM-r- 
haps.  from  slow  uoz'iufi  "f  I>1o«k1  into  the  Fallopian  canal 
comprcssinj,'  the  nerve.  This  form  of  paralysis  is  the  least 
H«nere,  and  is  .sometimi'S  quite  transient,  recovery  following 
within  two  or  thn-e  weeks,  with  little  alt4>ration  of  the 
electrical  reactions  being  noticed.  Some  cases,  on  the  other 
hand,  which  develoj)  sevtTal  hours  to  a  day  after  the  opera- 
tion, an'  more  .severe,  and  take  some  months  In'fore  the 
face  is  pracitically  straight,  and  even  then  the  recovery  is 
more  ajjjiarent,  owing  to  the  tonic  coi;tractun»,  than  a  Tviil 
return  of  voluntary  power. 

Facial  paralysis  sometimes  occurs  as  an  event  in 
multiple  neuritis,  due  either  to  dijihtheria  or  to  alcoholic 
poisoning.  Most  commonly,  when  it  occurs  thus  a.«j  a  symp- 
tom in  to.xic  neuritis,  the  paraly.sis  is  unilateral,  though 
occasionally  it  is  l)ilat<'ral.  Damage  may  occur  to  the  nerve 
fn.m  hiemorrhagc  in  the  Fallopian  canal  or  at  the  base  of 
tlie  brain,  or  the  nerve  may  be  pres-sod  on  by  tumours  in 
the  posterior  fossa,  such  as  cereln'llar  or  pontine,  or  even 
a  tumour  growing  from  a  nerve  sheath,  or  the  nerve  may  be 
implicated  in  an  acute  or  chronjc  meningitis,  due  to  tu>M'rcle 
or  to'sNphilis.  It  is  occasionally  pressed  on  by  the 
blade  of  the  forceps  during  delivery  by  instruments,  the 
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fii(-«>  thutt  u]t|N>uriiig  puriilyrt<>(l  from  itirth.  I>i  tli«>M)-  nkws 
it  is  ofUMi  tW  upiMT  rmwth'H  only  whiih  HufftT  ;  nam«'ly,  the 
frontnliH,  rorruKutor.  and  orltifularis  |ml|M>ltraruin. 

Intracraniftl  lesions  not  iinfn>qu(>ntly  cauw*  facial 
paralysis.  TIuh  may  Ix-  duf  to  the  involvcnu'nt  of  tho 
nerve  in  tho  inflammatory  rxudato  of  a  mcningitiH,  such 
as  tulM^rcular  or  Hvphilitic,  or  |Mwt«'rior  hanic  ;  or  it  may  be 
flue  to  pH'ssiirc  from  a  hiiTnorrhagc  from  fractun'd  ltasi>,  or 
(liroct  compression  of  a  tumour  in  th«'  jwistorior  fosmi, 
whether  cerebellar,  pontine,  etc.  Indin-et  }>re8sun'  from 
tumours  of  the  cerebral  hemisphen*,  esjM'cially  of  the  occi- 
pital lol)e,  (K'casionally  damage.^  the  facial  nerve. 

There  is  also  a  form  of  symmetrical  neuritis  of  the  intra- 
cranial iMjrtions  of  the  two  facial  nerves,  due  to  .syphilis 
in  the  secondary  stajje,  that  (H-casionally  jinnluces  dOUbl6 
facial  paralysis.  WIkmi  this  (Mxurs,  it  is  nearly  always 
accompanied  by  double  nerve  deafnes.-*  due  to  synchronous 
involvement  of  the  two  auditory  nerves,  causing  absolute 
and  bilateral  deafness.  Double  facial  paralysis  may 
easily  l»e  overIfM»ked,  owing  to  the  lack  of  any  deformity  of 
the  face.  It  will  1m'  recognised  by  the  absence  of  facial 
expression  in  s|)eaking,  the  cheeks  flipping  slightly,  and 
the  eyelids  never  closing,  the  eyes  instead  rolling  up  so  as 
to  show  the  white  sderotics.  Testing  the  facial  movements 
will  at  once  demonstrate  the  paralysis,  total  inability  to 
move  any  of  the  muscles  Inking  then  apparent.  When  this 
syndrome  of  double  facial  paralysis  and  double  nerve  deaf- 
ness is  met  with,  it  is  a  sure  evidence  in  almost  every  case 
of  syphilis,  though  I  have  once  seen  a  ca.se  of  cerebral 
tumour  in  the  posterior  fossa  in  which  this  combination  (»f 
symptoms  was  present  in  addition  to  other  cranial  nerve 
paralyses.  Double  facial  paralysis  without  deafness  also 
occurs  rarely  in  alcoholic  neuritis,  diphtheria,  or  from  rheu'- 
matism.  It  is.  of  course,  possible  that  it  may  occur  from 
bilateral  middle-ear  disease,  though  I  have  never  met  such 
a  case.     Intracranial  lesions  of  the  facial  nerve  are  not 
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a(T(inipiini»-(|  l.y  loss  of  tsiHt^*,  owing  to  tho  sf^paration  of 
tli<',  chordii  tyinpani  tii8t<'  fihros  from  tho  facial  norve  at 
the  f;.'Mi(:uIat('  ganglion.  Tlu'  type  of  muscular  paralysis 
will  he  of  the  infranuclcar  typ<',  just  as  in  those  cases  du«; 
to  rheumatism  or  middle-ear  disease. 

Nuclear  paralysis  of  the  facial  nerve  may  occur  from 
polioencephalitis  inferior,  an  acute  inflammatory  lesion 
of  the  pons  (tf  the  same  natun'  as  acuti;  infantile  paralysis. 
When  it  occurs,  it  will  cans;'  paralysis  of  the  whole  of  the 
face.  u{)per  as  well  as  lower.  Ha^mt.rrhages  or  softening  at 
the  |()wer  part  of  the  pons,  and  tumours  of  this  region,  may 
also  implicate  the  facial  nucleus  on  one  or  Ixith  sides. 
Nuclear  palsy  will  he  distinguished  from  a  lesion  of  the 
nerve  outsiih-  the  pons  hy  the  prohal.le  pn'sence  of  hemi- 
l)lcgia  and  |M'rhaps  hemiana'sthesia  (m  the  opposite  side, 
and  l.y  simultaneous  paralysis  of  the  sixth  nerve  nucleus 
on  the  same  side,  causing  paralysis  of  the  conjugate  move- 
ment of  hoth  eyes  to  the  sime  side,  ft  has  often  heen 
asserted  that  some  of  the  facial  muscles,  the  frontiilis  and 
••rl.icularis  palpehrarum,  have  their  nuclear  origin  from 
the  h.wer  portion  of  the  third  nucleus,  and  not  from  the 
facial  nucleus,  the  fibres  thence  pa.s.sing  down  the  posterior 
longitudinal  bundles  to  joiii  the  facial  nerves  on  their  exit. 
The  orbicularis  oris  was  also  similarly  a.sserted  to  l)e  inner- 
vated not  from  the  facial  nucleus,  but  from  the  region  of 
the  hyj)oglossal  nucl.'us.  More  recent  researches,  and 
t'specially  experimental  work,  have,  however,  disproved 
these  assertions. 

Treatment  of  facial  paralysis.— The  common  type 

(.f  "  rheumatii!  "  facial  palsy  is  best  treated  for  the  first 
week  by  fi)mentations  to  the  side  of  the  face,  und  keeping 
iihhmrs  with  avoidant  of  all  exposure  of  the  face  to  cold 
or  dr.iught.  At  the  sime  time,  galvanism  should  l)e  com- 
menci'd.  although  there  is  not  any  reaction  of  degenera- 
tion present  yet.  In  addition  to  the  fomentations,  it  is  a 
uat'ful  plan  to  blister  the  skin  Ix'hiud  the  ear.     The  gal- 
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vanisir  should  he  applied  by  means  of  two  small  electrodes, 
one  :ular  of  1  ^-inches  diameter  held  close  underneath 
the  the  other   i  inch  wide  and  2  inches   long.     This 

latt^-i  IS  the  treatment  electrode,  and  should  be  stroked 
over  th'  face,  across  the  forehead,  round  the  eye,  and 
down  the  cheek  along  the  direction  of  the  fibres  of  the 
zygomatici  muscles,  and  then  around  the  mouth  on  that 
side.  The  anode  must  be  used  for  the  treatment  electrode, 
on  account  of  the  great  sensitiveness  of  the  skin  of  the 
face.  The  anode  is  less  painful  than  the  kathode,  and  the 
amount  of  current  necessary  for  the  treatment  can  thus 
1)6  \ietteT  l)ome.  From  3  to  5  ma.  should  be  employed 
daily,  for  alwut  fifteen  minutes,  or,  l)ett<>r  still,  ten  minutes 
on  rising  in  the  morning,  and  again  on  going  to  Ix'd  at  night. 
Care  must  l)e  taken  that  then'  are  no  cuts  or  sr-ft  places 
on  the  skin  to  l)e  treated,  on  account  of  the  great  pain  the 
current  produces  when  it  touches  a  raw  surface  ;  and  for 
this  reason  it  is  advisable  for  a  male  patient  that  the  treat- 
ment should  l)e  given  l)efore  shaving  rather  than  after. 
The  moat  sensitive  place  on  the  skin  of  the  face  is  the 
upper  eyelid  and  above  the  eyebrow,  but  4  to  5  ma.  can 
be  usually  borne  from  the  anode  fairly  comfortably.  The 
facial  muscles,  l)eing  really  differentiatwl  platysma  slips, 
arc  very  superficial,  and  for  that  reason  react  to  smaller 
currents  than  are  necessary  to  stimulate  the  limb  muscles. 
In  many  cases,  aft<>r  the  first  t^'n  days,  when  the  reaction 
of  degeneration  is  well  developed,  the  hyi)erexcit4ibility 
of  the  paralysed  muscles  to  galvanism  is  so  great  that  they 
will  react  to  as  small  a  current  as  i  ma.  Another  pecu- 
liarity of  the  facial  muscles  is  that  they  retain  their  h}ycT' 
excitability  to  galvanism  much  longer  than  the  limb 
muscles,  some  hyperexcitability  and  polar  change  U'ing 
oft«n  noticeable  twelve  months  or  more  aft^^r  the  onset 

of  the  paralysis. 

The  treatment  by  galvanism  should  be  persisted  in  until 
the  face  has  become  straight  again,  when  it  should  be  left 
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off,  in  case  the  tonic  contracture  that  is  theu  occurring 
should  l)ec()me  too  marked  and  so  draw  the  mouth  over 
to   th."   paralysed   side.     This  excessive    tonic   contracture 
thus  si)oils  the  cosmetic  effect  which  a  moderate  degree 
of  ontmcture  performs  most  usefully.     After  the  galvanism 
js  stopped,  and  indeed  for  tvmc  time  previously,  as  soon  as 
any  signs  of  commencing  contracture  have  Ijecome  appar- 
ent  it  is  a   useful   plan    for  facial   massage   to   be   given 
daily   after    the    application   of    the    battery    treatment. 
The    patient    may    very    oft<'n    do    this    efhciently   him- 
self,  l)eing   tiiught   to   rub   with    the   tips   of   the   fingera 
along    the   zygomatici   and   around    the    orbiculan-s    and 
over  the  frontalis.     I  usually  tell   the  patients  to  do  this 
tw<j  or  three   times  a  day  when   they  have  a  spare   five 
minutes. 

Facial  Spasm.-Massage  to  the  face  is  indicated  if 
there  are  signs  of  the  contracture  becoming  excessive,  and  if, 
in   addition  to  the  contracture,  there  is  any  clonic  facial 
spasm  developed.    This  is  a  most  distressing  and  troublesome 
symptom,  and  is  met  with  only  in  those  cases  of  severe 
facial   paralysis   in    which    the   resultant   contracture   has 
become  excessive.     Facial  massage  is  the  only  treatment, 
any  form  of  electrical  treatment  being  contra-indicated,  as 
It  IS  liable  to  increase  the  spasm.     Faradism  is  especially 
harmful  in  this  respect ;    and,  indeed,  the  faradic  current 
should  r.ever  Ix-  used  at  all  for  facial  paralysis  under  any 
circumstances.     This  form  of  facial  spasm  "dot>s  not  con- 
sist of  clonic  convulsion  of  the  whole  side  of  the  face,  but 
mther  of  isolated  twit<-hings  and  fibrillary  contractions  of 
various  facial  muscles.     It  is  when  the  orbicularis  palpe- 
brarum is  thus  affected  that  the  symptom  becomes  particu- 
larly distressing  to  the  patient.     Stretching  the  nerve  has 
l)een   i)erformed   for  its   relief;     this   has   the   temporary 
effect  of  reproducing  the  facial  paralysis,  but  the  spasms 
arc  liable  to  return  unless— which  is  not  impossible— the 
facial  paralysis  on  this  occasion  remains  permanent.     This 
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form  of  clonic  facial  spasm  must  l)o  distinguished  from  the 
clonic  fibrillary  contractions  which  occasionally  take  pLice 
in  the  orbicularis  palpebrarum  of  healthy  persons — "live 
blood,"  as  it  is  called.  This  can  l)e  often  arrested  at  once 
by  gentle  faradiam  to  the  muscle  for  five  minutes.  Facial 
spasm  due  to  irritiition  of  the  nerve  from  the  pressure  of 
a  cerebral  or  ccrelx'llar  tumour,  or  a  patch  of  softening  in 
the  neighbourhocxl  of  the  facial  centre,  might  also  l)e  mis- 
taken for  the  form  subsequent  to  facial  paralysis  and 
accompanying  the  lat*"  contracture,  unless  the  history  of 
the  case  is  carefully  gone  into. 

Facial  paralysis  due  to  a  supranuclear  lesion  involving 
the  pyramidal  fibres  in  the  pons,  cms,  internal  capsule,  or 
the  cortical  centre  for  the  face  in  the  ascending  frontal 
convolution,  must  lie  distinguished  from  nuclear  or  infra- 
nuclear  lesions,  and  it  does  not  require  any  electrical  treat- 
ment. In  the  supranuclear  type  of  palsy,  the  whole  face 
is  not  equally  paralysed,  the  muscles  which  are  bilaterally 
associated  escaping — namely,  the  frontales,  corrugators, 
orbiculares  oris,  and,  to  a  less  degree,  the  orbiculares  paljMi- 
brarum.  The  weakness,  too,  is  usually  more  evident  on 
voluntary  movement  than  on  emotional  movement  of  the 
face;  thus  showing  the  gums  will  bring  out  the  weakness 
more  than  an  emotional  smile. 

Occasionally  this  sign  is  reversed,  and  when  such  is  the 
case  it  has  l)een  s.iid  to  indicate  a  lesion  in  the  basal  ganglia  ; 
but  this  is  not  constant.  A  certain  numix'r  of  cases  of 
complete  facial  paralysis,  usually  secondary  to  middle- 
ear  disease,  in  which  no  recovery  has  taken  place  after 
many  months,  hiive  Iwen  treated  by  nerve-grafting,  the 
facial  nerve  being  divided  close  to  the  angle  of  the 
jaw  and  the  peripheral  portion  sutured  into  a  slit 
made  in  the  sheath  of  either  the  hypoglo33;il  or  the  spinal 
accessory  nerve.  A  certain  numlxT  of  partial  recoverici, 
have  been  recon'td,  but  others  have  been  made  worse 
(see  pp.  21G,  218). 
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.S(!iiitira,  or  sfiutic  iK-uiitis,  is  oifon  most  surrcgKfully 
rclicv.'d  l.y  treutmont  with  th<>  ((.iistant  fiinvnt.  .Siiatira 
commoncps  m  a  perineuritis  of  the  sciatic  nerve,  due  oft«'n 
to  a  spread  of  inflammation  to  the  nerve  sheath  from  a 
luml)aKo.  or  rheumatic  fihrositis.  It  is  a  common  symptom 
in  the  ^'oiity  or  rheumatic  state,  and  it  is  not  unfrequentiv 
acquired  directly  from  sitting  on  a  c(.ld,  wet  seat.  Influenai, 
typhoid,  and  sonvtimes  other  fevers  may  leave  sciatica 
us  a  sequel.  Direct  injury  to  the  nerve  from  a  penetrating 
woun<l  is  a  less  commf)n  cause. 

To  ho  distinjiuished  from  sciatic  neuritis  is  sciatic  neu- 
ralgia, which  is  a  rcf.-rred  pain  felt  alouf,'  the  cr.urse  of  the 
sciatic,  sometimes  for  months  after  the  true  inflnmmatorv 
condition  of  the  nerve  or  antecedent  sciatica  has  pas,sed 
away.  This  type  of  pain  may  persist  in  s))ite  of  constant 
rest  in  l)ed  for  many  weeks,  and  althou<;h  there  mav  l)e  t«>nder 
spots  on  pressure  along  the  course  of  the  Tierve,  there  will 
be  no  true  pain  produced  l>y  extension  of  the  nerve  in  the 
act  of  flexing  the  thigh  with  the  knee  straight.  This  form 
of  sciatic  neuralgia  is  n(»t  common,  hut  it  reacts  verv  quicklv 
to  strong  galvanism,  and  [  have  known  such  a  case  which 
had  lasted  foreiglif  months  after  enteric  fever,  in  spite  of  two 
months'  rest  in  Led,  improve  at  once  with  strong  galvanism 
along  the  course  of  the  nerve,  and  after  a  fortnight's  daily 
treatment  the  j>ain  had  entirely  disappeared. 

Ta})eti(t  pains  in  the  thighs  and  legs  may  lie  mistaken 
for  .sciatica,  though  their  sudden  darting  character  and 
synmietry  in  hoth  liinlis  should  suffice  to  distinguish  thems 
Similarly  the  pains  of  peripheral  neuritis,  due  to  alcohol, 
diahetos,  diphtheria,  arsenic,  etc.,  may  he  mistaken  for 
sciatica.  Inflammatory  growtlis  or  tumours  in  the  pelvis 
may  involv.'  the  sacral  plexus,  aiul  thus  cans;'  pains  re- 
seml.Iing  sciatica  ;  l.ut  usually  the  ..xtcnt  ..f  the  anu-sthesia 
and  muscular  wasting  and  weakness  will  distinguish  them 
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from  an  ordinary  sciatic  neuritis.  Tumours  or  pachy- 
meningitis in  th«'  spinal  canal  may  also  simulate  sciatica. 

The  pain  of  sciaticui  is  very  variable  in  its  occurrence. 
Sometimes  it  is  worst  on  exertion  ;  but,  more  commonly, 
it  comes  on  worse  when  sitting,  or  especially  when  lying 
in  bed  at  night,  ofttn  waking  the  patient  up  in  the  early 
hours  of  the  morning.  With  some,  even  violent  exertion 
may  cause  no  pain,  although  at  night  it  may  Ih>  severe. 
Extension  of  the  nerve  with  the  hip  flexed  and  the  knee 
kept  straight  will  cause  pain  at  the  back  of  the  thigh  and 
buttock,  and  the  pain  is  often  referred  to  the  back  of  the 
knee,  or  the  ankle.  Tender  spots  may  be  found  on  din-ct 
pressure  over  the  nerve  in  the  middle  of  the  buttock,  or  in 
the  region  of  the  posterior  sujK'rior  iliac  spine.  Ran'ly  will 
there  be  any  antesthesia  of  the  leg  or  muscular  wasting, 
though  in  chronic  severe  cases  these  additional  .signs  of 
neuritis  may  be  present.  In  the  early  da\«  of  a  sciatica 
there  may  be  an  increase  of  the  Achilles  jerk,  while  later  it 
may  In^come  diujinished,  or  even  lost.  The  knee  j«'rk  of 
cours'^  will  not  l»e  affected  by  sciatica.  Hip-joint  disease, 
especially  the  chronic  rheumatic  arthritis  of  old  jteople, 
ma"  cause  pain  .simulating  a  sciatica  ;  and  it  is  said  that 
the  rheumatic;  inflimmation  may  even  sj)read  from  the 
joint  to  involve  the  nerve  sheath.  Undoubtedly  it  is  not 
uncommon  to  find  the  two  conditions  of  sciatica  and  chronic 
rheumatic  arthritis  co-existing  in  the  same  patient. 

TreatmeQt.  —In  the  early  stages  of  sciatica  continued 
rest  in  Ix'd  is  ess"ntial.  as  l>y  that  means  only  can  the  in- 
llimcd  nerve  be  kept  at  rest.  The  patient  should,  more- 
over, be  encouraged  to  keep  the  limb  as  straight  as  possible 
in  bed,  as  every  time  the  thigh  is  Hexed  t^'iision  is  put 
upon  the  nerve.  In  order  to  keep  the  limb  rigidly  at  rest, 
some  recommend  a  Liston's  long  side  splint  tc  l)e  applied ; 
but  this  IS  usually  intolerable  to  patients  with  sciatica,  and 
it  is  better  avoided.  However,  patients  with  sciatica  al- 
wavs  find   it  extremelv  irksome   to   remain   in   the   same 
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p<)8ition  for  long,  ospecially  if,  as  somctimps  happens,  thfl 
sciatica  has  Iwn  hi  lateral .  For  this  reason,  a  watiT  Ik-cI 
will  Ik;  found  excefHlingly  useful  in  the  treatment  of  sciatica, 
as  It  enal.les  the  patient  to  lie  comparativelv  easily,  and  he 
Will  Im.  less  likely  to  Ik-  kept  awake  by  pain.  So  long  as  there 
IS  any  pain  at  night,  and  the  patient  is  thus  prevented  from 
sI'M'ping,  a  morphia  suppository  of  half  a  grain  in  oil  of 
the(,hromine  sh.uild  he  applied  the  last  thing  U-fore  "lights 
out."  This  metluMl  of  administering  morphia  is  preferable 
to  hyprnlermic  injection  in  soiatica,  and  there  will  W  less 
risk  of  sotting  up  the  morphia  habit  in  patients  of  unstable 
will-p.,wer,  as  it  will  l>e  much  more  (-asy.  if  necessary,  to 
disguise  the  fact  that  morphia  is  In-ing  used  at  all.  to  omit 
all  mention  of  the  word,  and  speak  of  theobromine  sup- 
positories only. 

'J'he  most  effective  means  we  have  for  controlling  the 
S"verity  of  the  pain  in  sciatica,  and  for  arresting  the  progress 
of  the  inflammation  of  the  nerve  sheath,  is  the  applicatiim 
(.f  galvanism  to  the  thigh  and  leg.  It  must,  however,  be 
carefully  api)lied.  and  the  battery  mu.st  l>e  in  goml  condition 
and  of  ample  strength.  If  the  following  directions  are 
carefully  carried  out,  early  disappearance  of  the  pain  is  to 
lx«  looked  for.  The  current  is  to  l»e  applied  while  the 
patient  lies  in  Ix^l,  and  two  flat  plate  electrodes  of  thin  lead 
sheet,  covered  in  front  with  flannel,  with  a  mackintosh 
backing,  must  1h'  used.  One  slu.uld  be  about  7  inches  by  4 
inches,  the  other  much  larger,  T-' inches  by  8  inches.  They  must 
be  thoroughly  wette<I.  and  the  smaller  electrcKle.  after  U'ing 
attached  to  a  wire,  is  to  Ik'  placed  along  the  middle  of  the 
buttock  on  the  affected  side,  so  that  the  patient  may  lie 
directly  upon  it.  B«.neath  th,>  electrode  must  Ik-  jHaced  a 
folded  towel  to  prevent  the  bed  from  b<Mng  wetted.  The 
hirge  electHKl,.  is  to  be  fohhvl  lengthways  around  the  lower 
part  of  the  leg  and  ankle,  and  in  order  to  make  it  fit  the  leg 
comfortably  and  keep  in  good  electrical  cont^ict,  a  piece  of 
gamgee  tissue  or  thick   layer   of  cotton  wool  must  be  cut 
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rather  larger  than   the  electrode  and  thoroughly  wett<»d 
and  placed  inside  it  next  the  skin,  the  electrode  then  Iwing 
moulded  around  the  gamgee  tissue  so  as  to  fit  as  close  as 
possible.     A   folded   towel   or   mackintosh   must   also   he 
placed  under  the  leg  to  prevent  the  bed  being  wetted.    The 
wire  attached  to  the  electrode  at  the  buttock  is  to  be  fixed 
to  the  anode  binding-screw  of  the  battery ;    while  the  leg 
electrode  is  to  Ije  attached  to  the  kathode.     The  current 
must  now  be  turned  on  slowly,  cell  by  cell,  until  from  15 
to  2()  ma.   is  registered  by  the  galvanometer,   for  which 
strength  twenty  to  twenty-five  wet  cells  will  be  required, 
or  eighteen  to  twenty- three  dry  cells  if  they  are  new.     This 
current  is  to  be  maintained  for  five  minutes,  and  then 
gradually   increased   by   turning  on    more   cells   until  25 
to    .'M)    ma.    are    registered ;      the    current    being    main- 
tained  at    this    level    for   another   fifteen    minutes.     This 
treatment  should  be  given  twice  a  day,  or  even  oftener  in 
severe  cases  if  the  pain  recurs.     VVhen  the  electrodes  have 
been   properly  coupled  up  to   the   battery,  they  need  not 
be  taken  off,  and  the  only  switch  to  be  moved  is  the  cum«nt 
collector ;    an    intelligent  nurse   can   easily    be   instructed 
to  apply  the  electrodes  and  to  turn  on  a  given  numi)er  of 
cells,  and  then  to  turn  off  the  current  after  a  stated  in- 
terval.    After  the  first  application,  the  morning  and  even- 
ing treatments  should  be  lengthened  to  half  an  hour. 

Using  an  electrode  of  7  inches  by  4  inches  for  the  buttock, 
having  a  surface  area  of  28  inches,  a  current  of  'JO  ma.  will 
have  a  density  of  only  just  over  1  ma.  per  square  inch,  which 
is  well  within  the  maximum  of  1|  ma.  per  square  inch  that 
is  safe  for  the  skin  for  continuous  application  with  ordinary 
covered  electrodes.  Even  a  current  of  3()  ma.  causes  a 
strong  stinging  sensation  which  is  about  as  much  as  the 
patient  can  bear  for  the  first  ten  minutes,  but  after  that 
the  sensation  may  and  usually  does  g<'t  much  less,  although 
the  galvanomet^^r  marbi  as  strong  a  current.  If  the  cells 
arc  new  and  in  good  condition,  it  will  be  found  that  the 
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current  Hliown  by  the  gulvanomotor  incroascs  after  the 
first  two  or  three  minutes,  owing  to  the  more  thorouj^h 
wetting  of  the  skin  and  consequent  diminution  of  the  rcHist- 
ance  of  the  circuit.  With  thoroughly  wetted  pads,  especi- 
ally  if  some  siline  or  soda  is  used  for  diminishing  the  resist- 
ance on  the  pad,  the  pitient's  resistance  can  l)e  brought  as 
low  as  2,(K)()  ohms,  or  even  J.7(K»  ohms.  Usually,  unless 
special  care  is  t  iken  t-.  r.-duce  the  resistance  of  the  skin,  the 
patient's  resistmce  between  two  ordinary  covered  elec- 
trodes applied  t(.  the  skin  may  be  taken  roughly  as  about 
'3,()(M)  ohms. 

In  the  treatment  of  sciatica,  as  described  above,  I  have 
said  that  the  anode  should  be  applied  to  the  buttock.    This 
is  for  the  reason  that  the  anode  is  somewhat  the  more 
sedative  of  the  two  elec^tnules.  and  causes  less  painful  sen- 
sation to  the  skin  than  the  kathode.     It  is  not.  however,  of 
gn'at  importance  whether  the  anixle  or  katluxle  Iw  applied 
to  the  buttock,  and  the  reason  for  this  appears  to  Iw  as 
follows.     With  the  two  electrfnles  ajjplied  to  the  buttock 
and  leg  as  above  described,  the  effect  on  the  sciatic  nerve 
is  not  the  same  as  if  two  electrodes  were  applied  to  an  iso- 
lated nerve,  when  the  current  would  flow  along  the  nerve 
from  the  anode  to  the  kathode.     In  our  patient's  case  the 
nerve  is  lying  inside  the  limb  at  stjme  little  distance  from 
the  electnxlcs,  and  is  surrounded  by  other  tissues  of  equallv 
go(Kl    conductivity ;    thus    it    comes    about    that    only  'a 
small  fraction  of  the  current  passes  along  the  nerve  itself, 
the  remainder  j);issing  down  the  limb  through  the  muscles, 
bl(HKl,  lymph,  etc.     lu  the  neigh bourhowl  of  the  two  elec- 
tr(.d(S,  the  linos  of  force  of  the  electric  current  radiate  in 
all  directions  into  the  limb  ;    thus  from  the  buttock  elec- 
trode s.ime  .)f  the  lines  of  force  strike  the  sciatic  nerve  in 
an  upward  direction,  and  others  strike  it  in  a  downward 
direction.     Hence   there  will  be  a  bipolar  effect  upon   the 
sjiatic  nerve  wlu'thcr  the  electHxle  used  at  the  buttock  is 
the  auodc  ur  the  kathode.     (See  p.  125.) 
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liatcly  in  the  treatment  of  acute  sciatica  I  have  been 
applying  the  principle  of  catiiphon-sis,  using  salicylate  of 
soda  on  the  buttock  electrode.  After  thoroughly  wetting 
the  electrode,  powdered  salicylate  of  soda  is  dusted  on  the 
wet  surface,  mmg  about  1^  drachms  of  the  powder,  and  the 
electrrxle  is  then  placed  in  pr8itif)n  in  the  usual  way.  The 
powdered  salicylate  is  preferable  to  the  flaky  crystalline 
form,  as  the  latter  causes  more  painful  stinging  for  a  minute 
or  two  when  the  current  is  turned  on  until  the  crystals  are 
dissolved  on  the  wet  pad.  When  salicylate  of  soda  is  thus 
used  for  cataphorcsis,  the  active  electrode  must  W  the 
negative  or  kathode,  since  it  is  the  ions  of  the  acid  salicyl 
radicle  of  the  salt  that  it  is  required  to  force  into  the  tissues 
by  means  of  the  electric  current.  It  is  to  be  remembered 
that  acids  are  attracted  to  the  positive  pole,  and  alkalies 
to  the  negative  pole  ;  therefore,  if  salicylate  of  soda  be 
placed  on  the  negative  pole  the  acid  salicyl  ions  will  enter 
the  tissues  in  the  reverse  direction  to  the  general  flow  of  the 
current  on  their  way  to  the  positive  electrode,  while  the 
alkaline  soda  ions  will  remain  on  the  kathode  pad.  Thus, 
when  cataphorcsis  with  8;vlic}late  of  soda  is  used  in  the 
treatment  of  sciatica,  the  negative  electrode  must  be  placed 
on  the  buttock,  though,  with  the  exception  of  the  reversal 
of  the  poles,  the  general  directions  for  the  application  of 
the  treatment  will  remain  the  same. 

A  point  that  n-quires  attention  is  the  form  of  the  screw 
attiwhment  for  the  wire  to  the  electrode.  This  should  Ims 
as  low  and  flat  as  possible,  otherwise  the  weight  of  the 
patient  resting  upon  the  electrode  makes  the  screw  press 
that  portion  of  the  electrode  unduly  upon  the  skin,  and 
tends  to  produce  a  sore.  The  wire  leading  from  the  elec- 
trode to  the  battery  must  be  carefully  prevented  from  touch- 
ing the  skin  of  the  patient,  if  it  is  covered  with  cotton,  or 
even  silk,  as  it  is  so  likely  to  get  wet,  and  if  pressed  against 
the  skin  is  sure  to  produce  a  sore  place.  Great  care,  too, 
must  be  taken  with  the  covering  of  the  electrode  itself. 
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ftH  aft,.r  n-pi'iiUHl  UMJriK  tho  tt<iunv]  h  very  apt  U,  Hhrink 
awuy  from  tho  met..!  M^o,  which  may  th.n  touch  the  nkin 
arul  prcclu...  an  »!.or,it..(l  wound.      Th.-  switch  muHt  Jh, 
turn,.<I  on  gradually  without  ,.ro,l„nnK  »nv  hroaks  of  tho 
•urront.  or  vh.  tho  pationt  will  ^.t  Htronu  ami  very  un- 
ploasint  H  uKkH,  an,l  whon  tho  ro,,uiro,I  vohimo  of  curront 
.s  ..l.t,i.nocI  tho  l,utt..ry  ..houM  \h>  l.ft  untomho,!  until  tho 
t.oatmont   is   ..n<lo,l.     For   this    roa.son.    hutt^rioH   with   a 
.urront  collctor  aro  pn-foraMo  to  tho  moro  simph'  form  of 
l.att..n,.H  knr.wn  aH  "  Pationt«'  "  or  "  Nursos'  "  h^tt^-rios  in 
whuh  tho  olootr..(lo  wiros  aro  in.H.rtod  into  tho  nido  of  the 
l»att..ry--a  wry  iuHocure  fastonin^.  uh  thov  are  liftble  to 
«lr«.p   (.ut,   and   when   heavy   currents  are    K-ing   u«ed  as 
doscnhod   in   tho   treatment  of  sciatica,    very   unpleasant 
shocks  may  Ik-  given  to  tho  patient. 

When    the    time    for   application    of   the    current   has 
HapHod   the  current  muHt  not  he  switched  ..ff  suddonlv,  hut 
ho  collector  handle  should  Im.  turned  hack  slowly  to  zero 
iK-fon.  tho  wires  aro  unfastonod.     .Si.motimos  the  collect- 
ing swiU-h  d«K.s  not  work  sm,H,thlv  and  evenly  over  the 
Htm  Is,  and  ,n  this  case  tho  current  will  In-  inter;upt^d  sud- 
donly  and  shocks  will  result.     If  this  is  found  t<,  be  the 
case  with  the  particular  batt^-ry  employed,  it  will  Ik-  In-st 
to  turn  <,n  the  required  numl^^r  of  colls  ixTHt,  and  then  aft«r 
applying  the  electrcHlo  at  the  buttock,  to  gradually  apply 
the  eloctrcHle  at  the  leg  ;  similarly,  when  ceasing  tho  tn-at- 
ment  the  lower  electrode  is  to  l,e   bent  flat  and  the  leg 
gradua  y  lifte.l  out  of  it.     By  this  methcHl  the  resistance  is 
gradually  dinun.shod  or  increased  rospctivoly.  so  that  tho 
current  ,s  applu^  or  withdrawn  without  any  noticeable 
shock. 

.Vs  a  rule,  imi)rovoment  is  immediate  in  cases  of  acute 
8o.at.ca   treated  by  this  method,  the  discomfort  of  Iving 
f<.r  more  than  a  few  minutes  in  a.n'  one  position  passes  off , 'and 
.'«poc.ally,  th,.  patient  will  bo  able  to  lie  upon  either  side 
AtU^T  the  inflammatory  st*ige  of  the  neuritis  has  subsided 
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and  the  pain  that  remains  is  mainly  neuralgic,  then  massage 
to  the  limb  with  extensive  passive  movements  of  all  the 
joints  is  of  the  greatest  service  in  completing  the  cure. 
These  passive  movements  prevent  the  formation  of  adhe- 
sions around  the  sheath  of  the  nerve,  which,  if  treatment 
is  delayed,  drag  on  the  nerve  with  every  movement,  and  keep 
up  constant  neuralgic  pain  for  months  or  years  after  the 
inflammation  has  entirely  subsided.  In  severe  cases,  the 
fibrous  adhesions  and  fibrous  tissue  in  the  sheath  of  the 
nerve  compress  the  nerve  fibres  and  cause  muscular  wasting 
and  ana-sthesia  in  addition  to  the  chronic  pain,  und  opera- 
tion has  fn^quently  been  successful  in  relieving  this  con- 
dition by  incising  the  nerve  bundles  longitudinally  and 
separating  the  fibrous  tissue. 

On  the  other  hand,  in  the  early  stages  of  sciatica  it  is  a 
great  mistake  to  order  massage,  as  then  it  invariably  in- 
cn>ttses  the  pain,  as  is  indeed  only  to  be  expected  when  we 
consider  what  must  be  the  result  of  forcible  traction  and 
pressure  upon  an  inflamed  nerve.     It  is,  therefore,  a  some- 
what delicate  and  important  point  to  decide  at  what  precise 
moment  it  will  l)e  safe  to  order  massage  and  passive  move- 
ments, as  if  it  is  given  too  soon  the  patient  is  thrown  back, 
and  if  it  is  delayed  too  long  convalescence  may  be  unduly 
protracted.    The  physician  must  judge  by  the  following 
points  :  if  the  constant  pain  and  discomfort  while  lying  for 
more  than  two  or  three  minutes  in  any  one  position  in  bed 
has  passed  off,  and  the  patient  can  lie  on  his  side  and 
flex  the  thigh  in  bed  without  producing  pain  ;   if  pressure 
upon  the  course  of  the  nerve  in  the  buttock  and  upper 
part  of  the  thigh  does  not  evoke  tenderness  ;   and  if  it  does 
not  produce  pain  to  lift  the  heel  up  18  inches  from  the 
bed,  keeping  the  knee  straight,  then  it  may  be  considered 
safe  to  commence  massage  and  passive  movements.     The 
movements  should  be  free  and  extensive,  being  gradually 
increased  in  force  after  the  first  day,  and  should  be  re- 
peated daily.     There  is  often  some  pain  and  stiffness  pro- 
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ducod  iiitvT  the  first  timo,  and  it  will  l»o  a  pood  jjlan  to  give 
the  giilvanistn  iift<'r  the  miissipf  in  ordor  to  relii'vc  any 
pain  prodiicf'd  hy  it. 

In  some  cas's  radiant  heat  hatlis  may  Iw  us<'d  with 
advantagf  altcrnati'iy  witli  tho  palvanism  or  massage. 
The  application  of  lilistcrs  down  the  thigh  along  tlu'  course 
of  the  sciatic  r.crvc  is  also  u  common  treatment.  l)ut  I 
have  no  faitli  in  it  and  never  use  it.  Xerve-stretching 
and  acupunctur '  are  methods  that  have  heen  advocated  ; 
hut  personally  I  strongly  disapprove  of  both.  Medicinal 
treatment  liy  as  tirin  at  first,  followt'd  hy  iodide  of  pota.ssium, 
should  he  pers"vered  with  for  u  fortnight  at  the  commence- 
ment of  the  attack  ;  while  convalescence  may  l>e  completed  by 
a  course  of  baths  at  Droitwich,  Bath,  Bu.xton,  or  Harrogate. 

To  sum  up,  the  treatment  of  an  acute  sciatica  should 
consist  of  absolute  rest  on  a  water  bed,  with  daily,  or  twice 
daily,  careful  applicatioji  of  a  strong  galva!iic  current  — 
esj)e(ially  cata]ihoresis  with  silicylate  of  soda,  as  described 
on  p.  1<11I ;  asj)irin  liy  the  mouth,  followed  by  iodide  of  potas- 
sium, and  later,  massage  and  })assive  movements  to  prevent 
adhesions  and  to  break  (h)wn  those  in  ])rocess  of  formation. 
Radiant  heat  baths,  with  a  strong  arc  light  turned  on  the 
lower  part  of  the  back,  are  also  very  u.S"ful  when  the  acut« 
stage  has  j)ass"(l  and  the  j)atient  is  able  to  get  about,  but 
has  not  complet4>ly  lost  the  pain.  The  full  galvanic  or 
hydro-electric  bath  may  now  be  taken  instead  of  the  gal- 
vanism to  the  thigh,  as  described  above. 

I  may  mention  here  that  the  Schnee  or  four-cell  electric 
bath  is  al»si)lutely  useless  in  the  treatment  of  sciatica  ;  and 
as  sometimes  given  in  hydropathic  establishments,  with  a 
current  of  .)  or  4  ma.,  only  brings  galvanic  treatment  into 
di8re]>ute. 
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Brachial  neuritis  is  the  term  applied  to  an  intkmmation 
of  the  various  cords  of  the  brachial  plexus  above  the  points 
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of  omorgonco  from  tho  ploxus  of  the  main  norves  to  the  limb, 
the  cinumflox,  musculo-spiral,  median,  ulnar,  and  musculo- 
cut*'.-  -ou";.     Brachial   neuritis  is  commonly  of  rheumatic 
or  j,.aty  origin.     It  may  follow  a  direct  exposure  to  cold 
of  the  arm  and  shoulder,  l.ut  in  the  majority  of  cases  no 
such  direct  cause  can  be  traced.     A  great  many  cases  of  this 
most  painful  affection  have  l»een  seen  in  the  last  seventeen 
rears  to  follow  an  influenza  attack,  and  the  condition  is 
preciselv  comparable  in  the  upper  extremity   to  sciatica 
in    the 'lower    limb.     Occasionally    cases   arise    from    the 
spread   of  inflammation  from  neighbouring  structures  to 
the    nerve    sheaths,    and    I    have    seen    very    severe    in- 
stances of  it  dependent  upon  tuberculous  adenitis  of    the 
neck,    tulK'rcular   pleurisy,   phthisis   of   the    ap^'X  of    the 
'ung   and  septic  infection  of  the  wound  of  an  operation  in 
the  deep  tissues  of  the  nock.     Direct  injury,  too,  to  the 
plexus  as  a  whole  may  sometimes  1h^  caused  by  falls  upon 
the  shoulder,  though  in  these  cases  due  to  violence,  as  a 
rule  the  motor  palsy  largely  overshadows  the  sensory  im- 
pairment-quit<^  the  reverse  of  what  obtains  in  brachial 
neuritis  due  to  rheumatism,  gout,  influenza,  or  the  spread 
of  inflammation  to  the  nerve  sheaths  from  neighbouring 

structures. 

Brachial  neuritis,  exclusive  of  the  traumatic  cases, 
occurs  as  frequentlv  in  women  as  in  men  ;  and  in  them  the 
gouty  tendency  is  more  likely  to  W  latent  than  to  have 
shown  itself  bv  overt  joint  inflammations.  It  will  thus  c.n- 
stitute  one  of  the  possible  signs  of  irr(>gular  gout,  such  as 
neuralgias,  iritis,  angina,  glaucoma,  eczema,  and  others 
too  numerous  to  mention  here.  Inched,  left-sided  brachial 
neuritis  mav  l)e  mistaken  for  angina  pctoris  on  account 
of  the  cardi'ac  distress  that  may  be  present  as  a  symptom. 
This  is  analogous  to  the  pain  that  is  felt  down  the  left  arm 
and  in  the  side  of  the  neck  in  angina  pectoris,  and  is  prob- 
ably produced  by  a  reversal  of  the  same  mechanism. 

Brachial  neuritis  often  comm.encea  very  acutely,   and 
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then  the  pain  in  the  whole  arm  may  be  intense.     The  pain 
may  Ik;  referred  at  first  to  various  points,  such  as  the  back 
of  the  shoulder,  the  forearm,  or  the  inside  of  the  ell)ow. 
The  pain  will  1m>  increased  on  movement  of  the  arm,  especi- 
ally by  raising  it  in  akluction  ;  and  there  will  Im?  persistent 
tenderness  of  the  nerves  on  pressure.     Even  the  skin  of  the 
arm  may  Income  hypertesthetic  as  the  pain  increases.     At 
this  st^ig.'  there  is  very  commonly  in  the  most  acute  cases 
considerable  swelling  of  the  arm,  and  (»lema  of  the  back 
of  the  hand  and  wrist.     The  skin  of  the  hand  and  arm 
perspires  excessively,    the   temperature   of    the    limb    falls 
several  degrees  as  compared  with  the  other  arm,  and  the 
limb  feels  cold  and  the  hand  will  appear  bluish.     There  will 
Ix^  almost  complete  inability  to  move  the  arm  ;    but  this 
is  due  less  to  actual  involvement  of  the  motor  nerves  by 
the   inflammation   and  consequent  paralysis  than   to   the 
inte^nse  pain  caused  by  all  attempts  at  movement.     In  the 
majority  of  cases,  except  those  due  to  trauma,  there  will  be 
little  or  no  wa.sting,  though  slight  wasting  of  the  whole  arm 
is  not  very  rare.     The  stress  of  the  disease  falls  upon  the 
sensory  nerves,  and  the  prominent  symptom  is  pain  and 
persistent  temderness  of  the  nerves  on  pressure,  which  is 
increased  on  movement.     The  pain,  as  in  sciatica,  is  often 
paroxysmal  and  worse  at  night,  and  may  therefore  be  mis- 
taken for  neuralgia. 

Other  trophic  evidences  of  the  impairment  of  sensory 
nerves  are  thinning  and  glossiness  of  the  skin  of  the  fingers, 
with  atrophy  of  the  finger  pads,  impairment  of  sensibility 
to  light  te)uches  and  pin-prick,  and  lastly,  but  most  im"- 
portant,  fixation  of  the  joints  due  to  periarticular  atlhesions. 
These  adhesions,  like  the  other  trophic  effects,  occur  most 
at  the  periphery  of  the  limb,  and  thus  it  is  the  inter- 
phalangeal  joints  which  suffer  most,  partial  dislocation 
backwards  with  considerable  distortion  taking  place  in  the 
worst  cases.  It  is  the  periarticular  tissues  which  suffer 
from  the  fibrositis  which  causes  these  adhesions  and  limita- 
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tions  of  niovomont,  no  new  adhosions  forminj?  hetwoon  the 
articular  surfaces.  Next  to  the  finpora  and  wrist,  the  shoul- 
der joint  is  apt  to  suffer  most,  the  ellniw  usually  escaping. 

The  tn^atment  of  these  postneuritic  joint  troubles  is 
most  tedious,  prolonged  massage  and  careful  passive 
moveraenta,  preferably  on  the  arthromotor  machine,  pro- 
ducing the  iK'st  results.  Breaking  d«)wn  the  adhesions  under 
an  aniesthetic  should  be  avoided,  as,  though  this  treatment 
appi\ir8  attractive  in  theory,  the  results  are  di.sappointing ; 
and  often  the  joints  are  worse  than  k^fore,  as  the  forcible 
straining  or  rupture  of  the  adhesions  sets  up  anew  the 
fibrositis  around  the  joint,  and  the  pain  produced  is  so 
severe  that  practically  no  passive  movements  can  be  lK)me 
for  many  days  afterwards,  and  the  adhesions  consequently 
return  as  Itefore,  or  even  worse. 

Treatment.— The  treatment  of  acute  brachial  neuritis, 
as  of  sciatica,  necessitates  immobility  of  the  limb  so  long  as 
the  active  inflammation  lasts.  This  will  be  determined  by 
the  presence  of  persistent  tenderness  and  pain  on 
pressure  over  the  nerves,  and  hypersesthesia  of  the  skin  and 
of  the  muscles.  During  this  stage  the  limb  should  be  treated 
by  moist  heat,  covered  over  with  a  thick  layer  of  cotton  wool, 
and  f  istened  to  the  side  in  a  sling.  After  a  week  to  a  fort- 
night of  this  treatment,  the  pain  is  probably  abating ;  but 
drug  treatment  will  help  to  a  certain  extent.  Aspirin  or 
salicylates  and  alkalies  by  the  mouth,  and  probably  a 
nightly  injection  of  one-eighth  to  one-sixth  of  a  grain  of 
morphia,  will  be  necessary.  Some  authors  recommend 
injections  of  cocaine  instead,  but  its  anodyne  effect  is  less, 
and  the  danger  of  setting  up  a  drug  habit  is  even  greater. 
Morphia  is  withheld  hy  some  practitioners  in  practically  all 
circumstances,  on  account  of  their  dread  of  the  formation 
oi  the  drug  habit,  but,  properly  used,  it  is  the  most  valu- 
able remedy  in  the  Pharmacopoeia,  and  in  the  intense  pain 
of  severe  sciatica  or  brachial  neuritis  its  use  is  most  c'^r- 
tainly    indicated   during    the    acute    stage.    Occasionally 
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atroj)inf'  or  sooiM.Iamino  rnay  l>o  mmhinod  with  it  advan- 
tigof)uaIy  in  neurotic  sul.jccts.  No  inassiigo  or  passive 
niov.'m.'iit.s  of  the  linih  must  ho  allowed  so  long  as  the  in- 
flammatory stage  (,f  the  neuritis  j)ersists,  hut  galvanism 
may  he  employed  with  henetit  as  in  sciutiea,  even  from  the 
first.  It  should  1k>  given,  as  in  sciatica,  hv  apj.lving  the 
anode  to  the  region  of  the  inflamed  nerves  alid  tlie'kathode 
to  the  periphery  of  the  linih,  hut  diflferences  in  dot^iil  will 
have  to  he  ohserved. 

Tfie   .mode  should   he  a    large  circular  pad  electr.xle, 
.'}  inches  in  diamet<.r,  a.id   should    lie  applied  over  a    thick- 
piece  of  fLit  sponge,  or  gamgee  tissue,  rather  larger  than  the 
electrode,  thon.ughly  wett<"d  with  hot  water.     The  kathodo 
should  he  a  large  rectangular  j)late,  similar  to  that  u.Hod 
for  the  ankle  in  .sciati.a,  and  is  to  he  wrapped  round  the 
foDNirm  and  wrist  in  the  same  manner,  a  piece  of  thoroughlv 
wet  gamgee  tissue  or  cotton  wool  iH-ing  laid  on  the  inside 
of  tlu-  i)late  Ix'fore  it  is  moulded  round  the  forearm.     The 
addition  of  this  extra  layer  of  cotton  wool  serves  two  pur- 
jx.ses  :    to  prevent  undue  pressure  of  the  plate  electrode 
upon   any  hony  prominences,  and  al.so  to  hold  a  sufficient 
amount  of  watvr  to  insure  good  electrical  contact  with  the 
skin  during  the  fifteen  to  twenty  minutes'  application  of 
the  current ;    for  the  ordinary  flannel  covering  of  the  plate 
is  apt  to  dry  in  a  short  time,  thus  increasing  the  resistance, 
diminishing  the  amount  of  current  passing,  and  at  the  same 
tim<.  producing  a  sen^ition  of  hurning ;  and,  indeed,  actual 
electrolysis  of  the  skin  may  then  take  place.     When  this 
hurning  sensation  occurs,  taking  off  the  pad  and  re-wetting 
It  .stops  the  hurning  sensation,  although  more  current  now 
passes,  owing  to  the  diminution  of  the  resistance  In'tween 
the  metal  plate  and  the  tissues  of  the  hcdv.     When  the  two 
eleitrodes  are  in  position  the  current  should  he  tunied  on 
slowly,  and  a  strength  of  10  to  ir,  ma.  may  he  employed, 
reckoning  the  area  of  the  positive  electrode  as  about  9 
inches.     The  current  should  he  ajiplied  daily,  or  twice  dailv 
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and  a  good  plan  will  V)o  to  paint  tho  skin  al>ove  tho  clavicle 
where  the  anode  is  going  to  be  placed  with  an  anodyne 
paint  composed  of  ecpial  parts  of  chloral  and  menthol,  and 
containing  I  per  cent,  of  morphia  hydrochloride.     If  this  is 
done  just  lM»fore  the  anode  is  applied  over  the  spot  and  the 
cf)nstant  current  pas.sed,  the  cataphon>tic  action  of  the  current 
will  convey  the  drugs  through  the  skin  from  the  anode, 
and  thus  the  sedative  action  of  the  anode  upon  the  inflamed 
nerves  may  w  increased  by  the  local  action  of  these  drugs 
upon  them.       Cataphoresis,  with  jialicvlate  of  soda,  using     ^ 
the    negative    pole,    should,    however,    Ije    tried    first,    as 
de8cril)ed  in  the  treatment  of  sciatica  (p.  W*). 

In  favourable  cases  the  pain  may  have  ompletely  dis- 
appeared after  a  few  days,  but  bad  cases,  especially  if 
treated  wrongly  with  massage  and  movements  at  first,  may 
continue  painful  lor  many  months,  and  then  may  leave  be- 
hind permanent  signs  of  nerve  impairment  in  dulling  of 
sensation,  muscular  wasting,  glossy  skin,  periarticular 
adhesions,  etc.  Neuralgia  of  the  limb  may  remain,  as  in 
sciatica,  after  the  actual  neuritis  or  inflammation  has  passed 
away,  and  then  massage  and  Swedish  exercises,  tonic 
treatment,  and  change  of  air  may  be  necessarj'  to  complete 
the  cure. 

BRACHIAL   PLEXUS  INJUHIES 

Injuries  to  the  brachial  plexus  are  common  results  of  falls 
on  the  shoulder,  or  of  wrenching  of  the  arm,  or  of  fracture 
of  the  neck  of  th^  humerus.     One  of  the  commonest  is  that 

known  as  Erb's,  or  Erb-Duchenne   paralysis.    l)u- 

chenne  described  this  particular  form  of  brachial  paralysis 
in  new-born  children  ;  it  is  due  to  direct  traction  on 
the  upper  roots  of  the  plexus,  the  fifth  cervical  root,  which 
is  the  highest  and  therefore  the  most  oblique,  suffering  the 
most.  Sometimes  the  sixth  root  suffers  also,  and  in  th»> 
majority  of  these  cases  of  birth  palsy  there-  is  a  mas-s  of  5car 
tissue  at  the  outer  edge  of  the  scalene  muscle  involving  the 
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JunctK.ri  of  the  fifth  a.ul  sixth  roots,  though  it  in  the  fifth 
root  that  always  suffers  tb-  rnor..,  as  famdic  stimulation  of 
th.'    two    roots    si.parat.'ly  will    show   when   th.'  pI.-xuH  is 
•■xposrd  for  operation.     The  result  of    this  plexus  lesion, 
(Jamagiiij^    the    anterior    priinury    division    of     the     fifth 
cervical    root,    is    t<j    cause   a  })ure    motor  paralysis    of   a 
certain  frn)up  of  musch-s  in  the  upiH'r  arm  and' shoulder, 
sensation,  as  a  rule,  ht-ing  entirely  unaffect<d.  with  no  dif- 
fereiuv  to  1h'  det«'cted.  even  on  careful  tisting  with  cotton 
wool  or  pin  point. 

In  a  severe  ca.se  of  this  fifth  c<.rvicul  nerve  lesion  there 
will  he  comph.te  i)aralysis  of  the  d.-ltoid,  sui)ra.Hpinatus 
and  Mifrd.spinatus.  hi.eps,  brachialis  anticus,  and  supin  tor 
longus  mus:les,  and  in  .some  patients-those  in  wliom  the 
plexus  is  high  or  prefi.ved-there  will  he  also  paralvsis  of  the 
pronator  radii  t^-resand  the  two  radial  extensors  of 'the  wrist. 
These  muscles  will  wast<«  and  show  the  full  reaction  of 
degeneration,  and  in  many  of  the  severer  cases  no  recovery 
takes  place,  there  iH'ing  permanent  inability  to  raise  the  ariii 
or  to  flex  the  forearm. 

When  the  sixth  primary  division  is  paralysed  as  well  as 
the  fifth,  there  will  he  weakness  of  the  latissimus,  triceps 
and  pectoral  in  addition  to  these  other  muscles;  but 
usually  the  serratus  niagnus  escapes,  as  its  nerve  leaves  the 
sixth  cervical  close  to  the  foramen.  In  more  widespread 
lesions  of  the  plexus,  or  of  the  primary  nerves  which  form 
It,  all  of  the  muscles  of  the  forearm  and  liand  mav  suffer 
It  is  only  in  lesions  of  the  fifth  primary  nerve  'that  no 
anaesthesia  is  produced  ;  wlien  the  sixth  'is  also  involved, 
then  then-  is  ana?sthesia  of  the  outside  of  the  hand  and 
thumb. 

Occasionally  partial  lesions  of  the  fifth  primary  trunk 
occur  either  from  neuritis  or  as  tlie  result  of  trauma,  only 
«!<■  deltoid  ai;d  spinati  muscles  being  paralvsed,  the  biceps 
and  remaining  musolcs  escaping.  This  fo'rm  of  paralvsis 
18  very  difficult  to  distinguish  from  a  neuritis  of  the  "cir- 
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cumflpx  and  suprascapular  nerws,  which  sr.m«'tin»-s  occurs 
as  the  result  of  diroct  violence  in  downwanl  disimation  of 
the  humerus.  This  accident  produces  a  traumatic  neurUis 
of  the  cir<;umflex  l>y  din-ctly  stret^hinjj  the  nerve  ;  while 
at  the  sime  time  the  infraspinatus  muscle.  wh«)se  tendon  is 
attached  to  the  n^'ater  tuln-rosity  (»f  the  head  of  the 
humerus,  is  torn  away  from  the  suprascapular  nerve,  whi-h 
enters  it  on  its  under  surface.  In  this  form  of  neuritis, 
however,  then*  is  mor.'  likelihood  of  the  presence  of  some 
ana^thcsia  on  the  outside  (,f  the  upper  arm  than  in  the 
oa.se  of  a  partial  lesion  of  the  fifth  trunk. 

Paralysis  of  tlw  lowest  cord  of  the  plexus,  the  first 
dorsal,  or  Klumpke  paralysis,  as  it  is  calK'd,  may  result 
from  violent  wrenches  of  the  arm  downwards  and  I  ack- 
wards,  stn'tching  the  first  dorsal  nerve  over  the  first  rih  a« 
it  rises  to  join  the  eighth  cervical  in  the  plexus. 

Sometimes  an  abnormality  is  present  in  the  fi)rm  of  a 
cervical  rib  growing  from  the  transverse  process  of  the 
seventh  cervical  vertebra,  and  tlien  the  first  dorsal  nerve 
has  to  rise  higher  than  usual  and  W  hent  at  a  rather  sharj) 
angle  to  n>ach  the  plexus.  In  the.se  cases  of  cervical  rih, 
which  may  Ik'  bilateral,  neuritis  of  the  first  dorsal  nerve  is 
not  unfrequently  set  up  about  the  age  of  i)ulMTty,  with  the 
resultant  symptoms  of  pains  in  the  neck  and  down  the  in- 
side of  the  arm,  with  numbness  and  anaesthesia  along  a  strip 
of  the  inside  of  the  forearm  down  to  the  wrist,  and  atrophy, 
of  gradual  onset,  of  the  intrinsic  hand  muscles. 

Treatment    of  brachial    plexus    injuries. -The 

most  severe  forms,  as  a  rule,  are  those  in  whi<h  the  upper 
roota  are  involved,  especially  when  the  fifth  root  has  lieen 
damaged,  perhaps  even  ruptured.  The  main  (juestion, 
then,  to  decide,  if  the  case  is  seen  within  the  first  few  weeks, 
is  whether  the  roots  have  been  actually  torn,  and  whether 
operation  is  required  in  order  to  repair  the  mi.schief  as 
far  as  possible  by  performing  primary  suture  of  the  torn 
nerve  trunk.    It  may  be  taken  as  an  axiom  that  when  a 
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norvo    has    lH...n    «hvifl..(l,    tho    wmuvT   operation    rpston-s 
th.'  r*»ritiruiify  Ww  hrtt^r  chanr..  th.To  is  of  rr.mplpte  ro- 
li'-iuT.itinn  of  th..  norvf.  tnkinK  plft'«\  while  th.-  longor  tho 
jxTiod   (hat  Haps-s  hcfon-  th.-  divided  ends  aro   hrouyht 
top.fhor  tho  loss  chancn  then,  is  of  any  n-covory  tiking 
placo.     Tw(»  wars  is,  porhaps,  the  limit  In-yond  'whi.-h  it 
IS  hopoloss  to  «.xp,.,t  any  n-rovcry  from  suturo  of  a  divi<lod 
iiorv...     fri  cas-'s,  thorofc.ro,  „f  KrI.'s  palsy,  siu-h  as  thoso 
duo  t^)  fiills  upon  tho  shf.uldor  in  adults,  or  ooourring  in 
now-lK.rn  childron,  tho   quostion  as  to  whothor  tho   fifth 
norvo  has  Immmi  torn  is  an  anxiops  cpiostion  to  docido.     It 
is  impossihio,  from  tho  clinical  »i^ns  of  tho  paralysis,  to  Im? 
sure  on  this  point,  oithor  in  tho  first  wook  boforo  anv  reaction 
of  do«onorati.>n  has  shown  itsolf  in  tho  afloctod  niusclos,  or 
later.     Kxporionco  must,  thorofon',  l)o  our  guido  in  those 
cas-s,  and  as  it  is  most  rare  for  tho  norvo  to  l)o  actually 
ruptured  in  this  way,  it  will  l,o  s^ifor  to  wait  thn'o  months 
l)ofon>  considering  seriously  the  advis:il)ility  of  surgical  in- 
terfen.nce.     In  a  cert^iin  proportion  of  ca.ses,  although  tho 
paralysis  may  1m'  complete  at  first,  yet  tho  injurv  to  tho 
nerve    ..is  not  l)eon  sever.',  and  though   .slight   reaction  of 
degeneration  appears  on  electrical   testing  after  the  first 
week,  yet   voluntary  power    soon   commences   to   return, 
and  complete  recovery  may  ensue  in   from  one  to  three 
months.      In    more  severe    injuries,   there   may    l)e   well- 
marked  reaction  of  degeneration,  yet  signs  of  recovery  may 
appear  after  eight  or  t^'n  weeks,  with  eventual  complete 
return  of  power  after  eighteen  months  or  two  years. 

The  only  cases  in  which  operation  is  certainly  indicated 
from  the  first  are  thos"  in  which  the  arm  has  Wen  paralysed 
from  a  stab  wound  in  tho  neck,  or  in  which,  as  the  result  of  a 
severe  fall,  there  is  paraly.sis  of  tho  lower  limbs  in  addition  to 
the  paralysis  of  one  or  l)oth  arms,  which  mav  resemble  the 
type  of  Erb's  paralysis.  In  the  former  case  it  is  practic- 
ally certain  that  one  of  the  nerves  of  the  plexus  has  l)een 
dmded  by  the  knife  wound ;   while  in  the  latter  there  has 
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l)ern  fracture  dislotaticm  of  the  sixth  lervicul  v«'rt«'l»ra,  ami 
then*  is  almost  c«'rtainly  |m'SMuri'  iH-ing  fxortvd  uim»u  the 
spinal  i-onl  by  a  pieti'  of  l)oi»',  removal  of  which  by  lami- 
netttimy  may  completely  cure  the  patient. 

Meanwhile,  the  paralysed  musclos  should  Im-  tn-at^d 
dailv  with  galvanism  by  the  labile  methotl.  the  indifferent 
electrode  Ix'inK  a  fl'it  plate  plac«'d  In-hind  the  neck,  while 
the  tn'atment  electrcKle  (in  these  cases  the  kathode)  is  a 
round  disc  2  inches  in  diameter,  ittjiched  to  the  usual  form 
of  hmdle.  Mtss ij,'e.  t(Mj.  should  Ih'  employed  and  the  lindi 
supported  in  a  sling,  care  being  taken  as  far  as  jm  ssible 
that  the  paralysed  muscles  should  not  U*  allowed  to  remain 
in  a  constant  position  of  passive  extension.  Paralysed  and 
wasted  mustles  arc  much  more  likely  to  recover,  and  do 
so  in  a  shorter  time,  if  their  attachments  an-  kept  approxi- 
mated. Thus,  in  the  case  of  a  paralyswl  biceps  the  fore- 
arm should  be  kept  at  a  right  angle,  and  in  the  cast*  of 
dropped  wrist  the  hand  should  not  Ik?  allowed  to  fuing 
in  that  position,  but  the  wrist  should  Ix*  kept  constantly  ex- 
tended by  a  light  splint,  or  similar  apparatus.  For  dropjx'd 
wrist  I  find  the  following  apparatus  sufficient :  an  ordinary 
leather  wrist  strap  is  buckled  round  the  wrist,  and  a  strong, 
broad  piece  of  tape  is  sewn  in  a  loop  around  the  second, 
third,  and  fourth  fingers.  A  broad  piece  of  flat  elastic  is 
fastened  by  its  two  ends  to  the  t<ipe  and  to  the  wrist  strap, 
its  tension  being  so  graduated  as  to  exert  a  constant  pull 
in  extending  the  wrist. 

It  is,  however,  practically  impossible  to  treat  the  deltoid 
musjle  in  this  way,  owing  to  the  difficulty  of  keeping  the 
arm  constantly  abducted.  This  is  the  only  muscle  which 
raises  the  arm,  the  cLivicular  portion  of  the  jwctoral  having 
only  an  adductor  action  on  the  arm  when  it  is  held  straight 
out  in  front.  The  contraction  of  the  latter  muscle 
prevents  the  natural  action  of  the  deltoid  acting  alone, 
which  would  sweep  the  arm  outwards  and  away  from 
the    middle   line.      The  supraspiuatus  muiicle  assists  the 
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(If'ltoi.l  very  Hli^'htly  in  rai«iiij;  th.-  arm.  al«»»  rotating  th«« 
hiimrniH  ii.wanls  ;  hut  t\m  muse  I.-  is  alrnrwt  invariahlv 
paralvHo.l  at  tin-  nntw  imw  as  th.-  (l.'lt<.i»l.  as.  altlnMi^h 
fli.'y  an-  sii|t|.lit(l  |,y  two  fliff.Ti'nt  {M-riphiTal  ihtvcs,  v«'t 
l»*)tli  th."  <liltoi.l  and  til.'  spiiiati,  supra  aral  infra-,  r.><i-iv«' 
their  tnot«»r  fil»rcs  fn.rn  th«'  sann-  primary  ni-rvf  «.f  tin-  plexus, 
fh<'  fifth  rcrvical.  Sornrtimcs  th.-s.-  thn-f  muscles  an-  para- 
ly.s"»l  toff.'thfT  frcm  a  partial  n.-uritis  of  this  upiMTincmt 
iHTve  of  the  plexus,  fn.in  direi  t  rxiusure  of  fhr  ,m-i:  to 
cold,  the  cnset  iH-in^r  marked  hy  cotisideralde  pain  in  the 
neck  an<I  shoulder.  The  prognosis  in  the.se  ca.ses  is  usuaiiv 
j!oo«l.  thouuli  many  months.  oft<'n  a  year,  may  elapse 
iM'fore  the  deltoid  rejfains  nujch  of  its  power.  IVrsi.stent 
massap-  and  galvanism  will,  liowever,  aid  their  recoverv 
considerahly. 

Serratus  magnus  paralysis  may  he  th.-  result  of  u 

sin)ilar  neuritis  of  the  lorij;  thoracic  from  exposure  to  cold, 
or  from  the  pressure  of  a  heavy  weijfUt,  surh  as  the  corner 
of  a  heavy  hox  ])re.ssinj,'  ahove  the  clavicle  when  carried 
on  the  .shoulder.     Another  cau.se  of  .serratus  ma^miw  palsv 
is  violent  mu.scuiar  action  of  the  .scalenus  mcdiu.s,  through 
which  the  long  thoracic  nerve  runs.     This  form  of  paralysi.s 
I  Hiw  in  a  young  man  who  developed  sudden  paraly.sis  of 
the  .serratus  magnus  while  using  the  side  stroke  in  a  swim- 
ming race.     The  (»n.set  of  neuritis  of  the  long  thoracic  i.s 
accompanied  hy  a  gixnl  deal  of  pain  ahove  the  spine  of  the 
scaj)ula  and  along  its  vertehral  h(.rder,  which  may  persist 
for  many  weeks.     I  do  not  consider  this  neuralgic  pain  a 
contra-indicaiion    to   treatment   of   the    paralysed    muscle 
with  galvani.sm. 

The  posterior  scapular  nerve  may  suffer  in  a  similar 
way,  causing  paralysis  ..f  the  rhonihoids,  the  levator  unguli 
scapuhe,  and  the  upper  jutrtion  of  the  serratus  magnus, 
and  often  the  middle  and  lower  fihrtvs  of  the  trapezius. 
This  grf)ui)ing  of  paralysis  1  have  seen  as  the  msult  of 
muscular  strain  in  a  hibourer  who  waa  heaving  earth  out 
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f  f  H  (Iffp  ditch  up  on  to  tho  bunk  ovrr  his  loft  Hhoul«l«'r. 
At  th»'  end  of  rt  Htmnj?  ••ffurt  h«>  f<'lt  a  sudden  Hh(Hitii»>j  p;»in 
in  the  li'ft  Hide  of  hin  nock  and  at  the  l»a<k  of  hin  l»«ft  shoul- 
der, which  waM  at  once  followed  l»y  weaknefw  of  the  limb, 
HO  that  he  had  to  give  up  hiH  w«»rk.  He  ultimately  n- 
covereil  completely  under  treatment  by  ma»Hi>?e  ami  gal- 
vanism. 

TrapesittS    paralysis.     Sfe     tmder    Cranial     Nervett. 
pp.  J IV 18. 

M  use  I  •  b(  i'H  V I IIA  li  PA  UA  I.  YS I  .S 

This  JH  one  of  the  commonest  fornw  of  nerve  paralysis 
of   the   upper   extn'mity.     Owing    to   its    winding   course 
round  the  humerus  clo.se  to  the  bone  it  is  peculiarly  e.xpos-d 
to  pressure,  and  the  two  most  frequent  caus's  of  it^  damage 
in  this  way  are  pressure  by  a  crutch,  ai»d  pn-ssure  during 
sleep,  cither  by  the  weight  of  the  head  upon  the  arm,  or 
by  the  arm  hanging  over  the  back  of  a  wocnlen  chair.    This 
form  of  nerve  paralysis  has  Wn  named  "  Sunday  para- 
lysis," owing  to   its  occurrence  in   frequenters  of  public- 
houses  sleeping  off  the  effects  of  a  Saturday  night  debauch 
in  A  wayside  ditch,  or  in  a  wf)oden  chair  with  the  arm 
thrown  over  the  back  of  it.     The  pn-ssure  of  a  crutch  in  the 
axilla  compresses  the   nerve  against  the  humerus  higher 
up  than  when  it  is  injured  during  sleep  or  ana>«th«'8ia,  and 
it  ia  owing  to  this  reason  that  in  the  sleep  palsy  of  this 
nerve    the    triceps    usually    escapes,    while    in     musculo- 
spiral  pilsy  due  to  the  pressure  of  a  crutch  the  tricejw  is 
usually  weak.     The  most  obvious  result  of  the  nerve  lesion 
is  dropj,  'd  wrist,  there  Ix'ing  complete  inability  to  extenvl 
either  the  'vrist,  fingers,  or  thumb.     The  supinator  longus 
is  p  u  il  vs  id  in  addition  to  the  extensors  in  the  forearm,  while 
in  lead  neuritis  the  supinator  longus,  the   extensor   osais 
and  primi  internodii  pollicis  escape.     This  difference  in  the 
extent  of  the  palsy   makes  it  easy  to  differentiate   lead 
paralysis  from  museulo-spiral  paralysis.     In  the  latter  there 
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IS  Kom-rally  at  first  some  numhnoss  over  the  hac-k  of  thr 
thuml.,  u.d..x  and  middle  fin^..r.s,  and  t.o  outside  of  the  hack 
••  he  hand,  as  far  down  the  fingers  as  the  first  inter- 
pha  anneal  jo.nt.  where  the  s„,.ply  of  the  radial  nerve  joins 
that  of  the  median.  There  will  l^.  ,>artial  tictile  ana-sth.-sia 
and  analgesia  over  this  area  for  the  first  few  weeks,  the  loss 
of  s.nsation  usually  disappearing  before  the  return  of 
Voluntary  power. 

Musculo-spiral  paralysis  sometimes  occurs  in  alcoholic 
suhjeets  dunng  the  day  while  the  patient  has  In-en  awake 
and  without  any  obvious  cause  of  pressure,     ft  is  diffi-ult 
<)  undei-stand  how  this  occurs,  for  if  the  paralvsis  were  due 
t<.  the  actum  of  the  circulating  to.xin  on   the  nerve,  the 
effects  should  he  bilateral  and  symmetrical.     Pc,s.siblv  in  all 
hese  ca«es  there  is  some  slight  trauma  which  escapes  notice 
the  nerve  being  on  the  brink  of  n.-uritis  <.n  accou.it  of  the 
patient  s  alcoholic  habits.     Occasionallv  the  n.-rve  mav  be 
damaged  by  being  t.    n  by  the  sharp  edges  of  the  lK,ne  in 
fracture  of  the  humerus,  in  which  case,  of  course,  the  para- 
lys.s  dates  from  the  moment  of  the  accident  :   or  the  nerve 
may  l>e  implicated  lat<.r  in  the  callus  foimed  during  the 
h"ahng  of  a  fracture  of  the  bone.     A  st.ib  wound  in  the 
uj.per  arm  may  similarly  server  the  nerve,  and  forcible  con- 
traction  of  the  triceps  has  oven  been  said  tr,  produce  a  trau- 
uiat.c  neuritis  of  the  musculo-.spiral.     Whatever  its  cause 
rnusculo-.sp,ral   paralysis   is   of  sudden   or  almost   sudden 
onse  ,  and  for  this  reason  and  because  the  muscles  supplied 
by  It  HI  the  forearm  are  not  covered  with  a  thick  laver  of 
tissue  as    for  instance,  the  hamstrings  are,  the  reacticm  of 
deKeneration  is  very  pronounced  in  the  extensor  muscles 
>"  the  h.rearm  in  cases  of  musculo-spiral  paralvsis.     In  the 
most  severe  esions  of  the  nerve,  as  when  the  nerve  is  actu- 
ally divided  by  a  stab  or  a  bullet  wound,  the  hvperexcit.U>ilitv 
to  galvani.s„^  that  is  generally  seen  in  ordinar^■  cases  o'f 
crut,h  or  sleep  pals>  is  absent,  and  the  form  of  the  reaction 
of  degeneration  tUt  is  found  is  complete  loss  of  faradi- 


MUSCULO  SPIRAL   PARALYSIS 


185 


reactions,  with  diminution  of  excitsibility  to  ftalvunism  and 
very  sluggish  contractions.  Powerful  currents  are  required 
to  evoke  the  contractions,  and  within  a  month  of  the  divi- 
sion of  the  nerve  the  contractions  may  be  only  visible  on 
reversing  the  direction  of  the  current  suddenly,  while  the 
plain  make  and  break  of  a  current  of  10  ma.  may  cause 
scarcely  any  contraction.  Moreover,  the  contractions  at 
the  anode  do  not  show  the  usual  excess  over  the  kathode 
for  very  long  ;  for  when  after  a  few  weeks  a  strong  current  is 
necessiry  to  evoke  the  contractions,  th"  kathode  closure 
contraction  is  then  usually  the  stronger,  KCC  >  ACC. 

In  the  cases  of  moderate  severity  there  will  be  also 
complete  faradic  loss  after  ten  days,  but  there  will  Ixj 
m  irked  hypi'rexcitibility  to  galvanism,  a  current  of  1  to 
H  mi.  prixlucing  distinct  contractions,  sometimes  brisker 
t'j  the  anod",  sometimes  to  the  kathtxle,  though  there  is 
never  as  much  difference  between  the  strength  of  the  KCC 
and  ACC  as  with  a  normal  nerve  and  muscle.  Not  un- 
fr.'quently  the  contraction  to  the  anode  is  more  sluggish 
than  to  the  kathod<*,  though  the  amplitude  of  the  contrac- 
tions may  be  about  equal. 

Treatment. — In  the  treatment  of  musculo-spiral  lesions 
our  chief  conc?ra  will  be  the  re-est;iblishment  of  motor 
power,  since  the  sensory  impairment  is  never  very  deep 
or  troublesome,  and  pain  is  either  trifling  or  absent.  If 
the  wrist-drop  is  complete  at  first,  with  no  voluntary  power 
in  the  supinator  longus  or  any  of  the  extensors  of  the  wrist, 
fingers,  or  thumb,  it  will  be  a  diffi-jult  matter  U)  d-cide  until 
a  fortnight  has  elapsed  whether  the  lesicm  is  a  cotnplet« 
division  of  the  nerve  or  one  of  only  moderate  severity. 
With  the  establishment  of  the  reaction  of  degeneration  a 
further  clue  will  be  obtained,  as  those  cases  where  the  hyp«'r- 
excitability  to  galvanism  is  most  marked  will  not  turn  out 
to  be  cases  of  complete  severance  of  the  nerve.  The  presence 
of  defia^t^  ariiEithesia  over  the  distribution  of  the  r.ulial 
nerve  on  the  outer  side  of  the  back  of  the  hand,  fingers,  and 
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thum  ,    as  h.Kh  as  .'{  or  4  inc-hos  ahovo  tho  wrist    will  he 

<l"fi".t..  anH.sfho.sia  .nvr  this  area  is  oft.n  ahs-.t  in  sLh 
eas.  o     nu.s,.uIo.spin.l   paralysis,   whi.-h    n.-ov..  l^^. 

.-:;:r"nri.;:  ::r  •:::;,;;: :  ---"•  - 

«vniptf.m    it  uill  1  ^         ""  ''  jm.niincnt 

.»"ijM(»[n.  It  will  |„.  iiriiu'cc'ssiirv  to  trr-if  tKn  ,  ..i 

':::r:l  Z::-'  r '- '■•■  C":,:^  ■:';;::  •: 

(  ■ )  7' i'r'i'"'*''" '"'  ""■  "■""'■ '-  *'»'■"'«■■'  «•-'■ 

VI'-    ^'^1;-   sliould    !)<>    worn     iml    t>,„     ^.* 
♦I.     f  ,  «"«ii,   and    tho   oxtfnsor   mnstCs    in 

f.,r,,,r,„  si.,,,.,,,  ,„,  ,„,„.,,  ,  ,,„i,,      .",; 

■  I""  ■"'■ll".l.  a,„l  „i,.,  „,.||  „,„.,,„„,      ,,  ;■,       ;  ; 

.  P....1  .„.„i.,.„,.  i„.„,ii,„,  „„.  „.,.„,„,,  „,      p 

..  n.,,,v,.ry  ,.f  „„.,„.,■,.  „,„,.»  „„  ,,,.,„„„,      „„  ,,,. ,,;  ^' 

,  ,  ,   '  Ivm"' '"      "'■  ""■  '"■ ''' "■  '''»"■"  'I--  "■• 

.,,,.w,.,.  „.,,,,.,,,,.„,,,,,,,,,,  ,,,,,,„ „„„„„„:"»;;': 

l„ri.i„„  :,„'  ","'•'"  ""».  •■"""<•  iH'lve  "f  |«.w<.i-  re- 

iiiri.ii.f!  at  til,'  ,.|.,1  of  a  iiuii.th 

Tlu.  „alv„„i.„„  „.i||  ,„,  |,.„  „,,..,,  I 
'"•■">.  fro".  .-,  t„  l„  ,„„.  „,  ,„„,.„j  |,.i    ,  ,,,,,1,,,,  '"'  '^  ■' 

K  -  a  n„.,l.„d  ,„  ,.»,.  ,.„„,,,i,„„!  ,„„,,,„„  „„,(  ^^    -^ 

t..  "»•  ,a,„d  ,„„.„ui,„„„.  for  „„.  faradism,  l„„  ,„  „,,  . 
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moans  of  intorruptinjj  the  faradism  slowly,  about  two  or 
throp  tiitips  a  second,  such  as  an  aluminium  weight  fixwl  on 
to  tlip  Wagnor  hammor.  By  using  this  mechanism  the 
muscles  are  not  tetiinised  by  the  faradic  current,  but  are 
al)le  to  relax  after  each  contraction.  Better  results  will  Ik* 
ol)tained  by  that  means  than  by  using  either  current  alone. 
The  strength  of  the  faradism  to  U^  employed  in  this  com- 
bined method  must  be  ascertained  by  t<'sting  the  muscles 
first  with  single  faradic  shocks,  obtained  by  working  the 
interrupting  hammer  by  hand.  When  this  is  done,  it  will 
be  found  that  w'.ien  the  secondary  coil  is  pushed  sufTxciently 
near  to  the  primary,  muscular  twitches  are  produced  by 
thus  interrupting  the  battery  current ;  while  practically 
nothing  is  felt  at  the  make  of  the  current,  even  when  the 
break  current  is  too  powerful  to  1m;  bortie.  The  strength  of 
the  break  far.idic  shocks  should  be  so  adjusted  that,  Ijeforc 
turning  on  any  of  the  galvanic  cells,  weak  but  distinct 
muscular  twitches  are  pnMluced.  Then,  turning  on  the  gal- 
vanism, a  strength  of  5-7  ma.  should  l)e  employed,  the  addi- 
tion of  which,  by  .setting  up  a  condition  r>f  katelectrotonus 
in  the  nerve,  increas"s  the  excitability  of  the  nerve  so  that 
the  f  iradic  shocks  now  produce  stronger  contractions. 

This  combined  current  may  either  \n:  a})plie<l  by  the 
labile  method  as  d"scribed  above,  or  two  flat  electnxles  may 
be  strapped  on  to  the  arm,  one  round  the  wrist  and  the  other 
above  the  elbow,  while  the  galvanic  current  is  reversed 
regularly  about  twice  a  second.  The  re  vers  il  of  the  current 
Fnay  either  be  performed  by  hi'nd  with  the  current  re- 
vei-scr  on  the  battery,  or  a  special  reversvr  may  Ik'  employed, 
such  as  a  metronome  driving  a  Pohl's  commutator  (p.  1 1')). 
The  combined  current  is  most  easily  obtained  from  a  combined 
b:ittery  containing  both  the  galvanic  and  faradic  apparatus, 
with  a  De  Watteville  switch  for  using  either  the  faradism 
or  the  galvanism  from  the  s\mv  pair  of  binding-screws.  For 
obtaining  the  cunibined  current,  the  switch  mu.st  be  placed 
in  the  middle  line,  half  way  between  F  and  Q. 
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Nome  authorities  rocommond  the  sinusoidal  current  for 
the  treatment  of  muscular  wastin^s.     In  mv  opinion,  the 
ordnmry  sma.oidal  current,  or  alternating  current  obtained 
rom  the  electric  lighting  alternating  current  mains,  is  far 
too  rap.d   m  the   period  of  it«  alternations,  which  varies 
.-.ordmg  to  the  dynamo  used  in  the  installation  from  about 
40  to  as  high  as  110  per  sec.     This  rat«  of  alternation  is  as 
rapKl,  or  even  exceeds  the  speed  of,  a  fast  working  hammer  of 
a  farad.c  battery,  and  as  a  result  the  muscles  are  tetanised 
whuh  .8, 1  c.ons,der,  not  d-vsirable.  Dr.  Morton  has  designed  an 
alternating  current  dynamo  to  work  ac  a  periodicitv  of  only 
two  or  three  cv^les  per  second,  and  he  claims  good  results 
ior  this  methcHl  of  treatment.     The   machine  is  made  by 
Messrs  Sc-hall  and  the  t>i>e  of  current  somewhat  resembles 
tha     of  a   galvanic   batt^-ry  working  with   slow  reversals 
as  described  above  ;    but  the  changes  in  the  electromotive 
force  are  much  more  smooth  and  less  jerky,  and  thus  are 
loss  efUcK'nt  in  producing  muscular  contractions. 

I'LXAK  NEKVE   PAHALYSIS 
Like  musculo-spiral  palsy,   ulnar  nerve  paralysis  may 
be   he  result  of  pressure  upon  the  nerve  during  sleep.  EithJr 
o    thes.  nerves,  moreover,  may  be  damaged  by  pressure 
due  to  a  prolonged  strained  position  of  the  arm  while  an 
anaesthetic  ,s  u.ing  given.     The  name  pos(anc,sthetic  para- 
lysis has  been  given  to  this  form  of  nerve  lesion,  and  in  this 
way  one^or  n.ore  of  the  branches  of  the  brachial  plexus  may 
>e  sometinu-s  damaged.     The  ulnar  nerve  mav  h.  damaged 
hy  a  blow  upon  (he  elbow,  or  by  fnu-ture  of  tjie  humerus  at 
t^  low.  r  end,  by  a  stab  wound,  or  by  inclusion  of  the  nerve 
n  callus  as  the  result  of  fracture  in  the  neighbourhood  of 
the  elbow  joint. 

Perhaps  the  most  common  cause  of  injurv  to  the  ulnar 
nerve  is  a  wound  cutting  across  the  front  of  the  wrist.  This 
18  very  often  the  result  of  putting  the  hand  forciblv  through 
a  pane  of  glass,  or  of  a  slash  from  a  knife.     When  "the  nerve 
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is  thmi  divided,  it  is  most  important  that  tho  surppon  who 
first  m^es  the  case  and  spws  up  the  wound  should  l)o  careful 
to  look  for  the  two  ends  of  the  divided  nerve  and  sew  them 
t^jgether ;  for  unless  this  is  done  a  permanently  clawed  and 
useless  hand  is  almost  certain  to  n'sult. 

With  such  an  injury  it  is  most  important  to  test  tho 
sensation  of  the  fingers  so  as  to  decide  whether  or  not  the 
median  or  ulnar  nerve  has  suffered.  The  ulnar  nerve  t^ikes 
its  origin  from  the  inner  cops  of  the  brachial  plexus,  and 
then'fore  derives  nearly  all  its  uhres  from  the  eighth  cervical 
and  first  dorsal  roots.  In  a  low  or  post-fixed  ple.xus  it  is 
po8si})le  that  the  second  dorsal  may  s»'nd  into  it  some  motor 
fibres  for  the  int«rossei,  and  in  a  high  or  pre-fi.xed  plexus  the 
nerve  gets  a  very  definite  bundle  from  the  seventh  root 
carrying  motor  fibres  to  the  flexor  carpi  ulnaris.  The 
nerve  gives  no  branch  in  the  up{)er  arm,  where  it  is  fairly 
well  protected  from  injury  until  it  winds  round  the  inner 
condyle  to  enter  the  forearm  between  the  two  heads  of  the 
flexor  carpi  ulnaris.  In  the  forearm  the  ulnar  nerve  sup- 
plies this  muscle  and  the  inner  half  of  the  flexor  profundus 
digitorum  by  branches  arising  near  the  elbow  ;  thus,  wounds 
of  the  ulnar  nerve  above  or  at  the  elbow  will  paralyse  these 
muscles,  while  if  the  nerve  is  damaged  in  the  middle  of  the 
forearm  or  below,  the  flexor  carpi  ulnaris  and  profundus 
digitorum  will  escape.  In  the  former  case  the  wrist  will 
lie  abducted  somewhat  on  clenching  the  fist,  and  there  will 
l)e  inability  to  flex  the  terminal  phalanges  of  the  little  and 
ring  fingers. 

The  dors^il  cutaneous  branch  arises  from  the  ulnar  about 
two  inches  above  the  wrist,  and  passes  backwards  to  supply 
the  dorsum  and  sides  of  the  little  finger  and  inner  side  of 
the  ring  finger.  Hence,  a  wound  at  the  wrist  dividing  the 
ulnar  nerve  below  the  point  at  which  the  dorsal  cutaneous 
branch  is  given  off,  will  not  cau.se  anaesthesia  of  the  dorsum 
of  the  little  and  ring  fingers,  but  only  of  their  palmar  sur- 
faces.    At  the  wrist  the  nerve  gives  off  the  muscular  branch 
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which   passf's   d.-cply   U-twoon    the    alidiutor    and    fl('Xf>r 
hn'vis  minimi  dif?iti   musclf.-.,  and  thon  alonf?  tho  course 
of  the  <locp  palmar  arch  honoath  the  flexor  tendons,  sup- 
plyinp  the  hyp«.thenar  miiscles,  all  the  interossei.  the  inner 
two   luinhricals,    the  adductor  pollicis,  and  the  inner  half 
of  the   fl"xor  l)revis  ju.llici.s.     This   branch  is,  therefore,  a 
pun'ly  muscular  branch,  and  it  may  hv  wf.unded  hv  a  fall 
on  the  wrist  and  hu;d  on  to  a  sharp  j)iece  of  glass  or  a 
Hpike.     In  this  event,  the  mu.sdes  above  enumerat<Ml  will 
waste,   but   there  will   be   no  ana'sthesia   produced.     An  a 
result  of  the  muscular  paralysis  of  the  interossei  and  the 
two    inner   lumbricals    the    hand   will    assume    the   clawed 
shape,    the    first    phalanges    being   retracted    and   the    two 
distal  phalanges  ])artially  flexed,  the  two  ulnar  fingers  iK'ing 
the  more  afTectvd.     The  hypoth.-nar  eminenc  will  appear 
wasted,  and  there  will  be  hr.llowing  betwe,.,,  the  thumb  and 
index  finger  on  the  dorsil  side,  owing  to  the  atrophv  of  the 
first  dorsal   intero.sseus   mu.scle,    while   the   outline"  of  the 
metacarpal  bone  of  the  index  fuiger  will  be  prominent.    The 
thenar  eminence  will  not  be  waste.l.  owing  to  the  preserva- 
tion of  the  abductor  and  opponens  pollicis.  but  then-  will 
l)e  hollowing  between  the  thenar  eminence  and  the  palm  of 
the  hand  on  account  of  the  atrophy  of  the  adductor  pollicis 
and  mner  head  of  the  fl...xor  brevis  pollicis.     The  terminal  or 
superfi(;ial  palmar  branch  of  the  ulnar  is  almost  entin-ly  a 
cutaneous  branch.  su})])Iying  only  th,-  })almaris  brevis  muscle 
m  addition  to  the  integument  on  the  inner  and  palmar  side 
of  the   hand,   the   little   finger,   and   inner  half  of  the  ring 
finger.     This  terminal  branch  ma/  be  injured  ahme,  with 
resulting  anjv^^thesia  on  the  palmar  and  inner  side  of  the 
hand  and  no  nuisvular  j)aralysis.  f.r  it  mav  be  divided  in 
addition  to  the  deep  jnusvular  braiich  by  the  s:ime  i.ijurv 
at  the  level  of  the  wrist. 

In  some  p.>rsons  the  ulnar  nerve  is  constantlv  pre.s.sed 
ujH.ji  m  its  pas.>*ige  round  the  internal  condvle  in  every  act 
of  tloxion  of  the  elbow  ;   a!i  uhiar  neuritis  nuy  bo  thus  sot 
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up.  causing  pain  and  tinpling  alontj  th«'  distrihution  of  tho 
nerve.  It  is  quite  common  for  many  people  to  notice  after 
leaning  on  one  elhow  for  .several  minutes  that  the  inner 
side  of  the  hand  and  fingers  has  "  gone  to  sWp,"  with  weak- 
ness in  straightening  the  two  inner  fingers.  This  is  due 
to  a  tem})orary  paresis  of  the  ulnar  nerve  by  In-ing  stn'ti'hed. 
The  same  cf.ndition  continued  for  a  h)nger  time,  as  when 
asleep  or  und.-r  the  influence  of  an  anaesthetic,  will  cau.se  a 
pressure,  or  sleep  pal.sy,  of  the  nerve. 

Ulnar  paralysis  is  to  1h>  distinguished  from  lesions  of 
the  inner  cord  of  the  brachial  plexus  or  of  the  eighth  cer- 
vical and  first  d<»rsil  ro()t.s,  and  als)  from  spinal  lesions 
at  the  level  (,f  the  first  dorsiil  and  eighth  cervical  .segments. 
The   former  will   he  recogni.sed   by  the  distribution  of  the 
mu.scular  paralysis  and  ana«thesia  diflfering  .somewhat  from 
that  of  ulnar  pal.sy.     Mor»'over,  in  most  ca.ses  the  appro.xi- 
mate  site  of  the  lesion  will  clearly  determine  whether  it  is 
the  inner  cord  or  the  ulnar  nerve  that  has  suffered,  although, 
since  the  ulnar  nerve  gives  ofl  no  branch  from  the  point df 
it.H  formation  until  it  ent<'rs  the  flexor  aspect  of  the  fon^- 
arm,  a  lesion  of  the  nerve  at  its  point  of  origin  from  the 
inner  cord  and  also  at  the  bend  of  the  f\\x,w  will  produce 
precisely  the  same  symptoms. 

Since  the  inner  cord  gives  off  the  inner  head  of  the 
median  as  well  as  the  ulnar  nerve,  a  le.sion  of  the  inner 
cord  will  cause  more  extensive  nm.scular  paralysis  than  an 
ulnar  lesion.  All  the  intrinsic  hand  muscles  will  now  Ije 
wasted,  with  the  superficial  and  deep  flexors  of  the  fingers, 
the  long  flexor  of  the  thumb,  and  the  flexor  carpi  ulnaris. 
When  the  inner  cord  is  damaged  near  to  its  formatirtn  by 
the  union  of  the  eighth  cervical  and  first  dorsal  primarv 
divisions,  there  will  be,  in  addition,  weakness  of  the  sternal 
portion  of  the  j)ectoral  muscle,  through  implicatifjn  of  the 
internal  anterior  thoracic  nerve,  anaesthesia  of  a  strip  along 
the  inside  of  (he  forearm  due  to  the  internal  and  lesser 
internal  cutaneous  nerves,  and  also  weakness  of  the  ex- 
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tonsor  iruliciK,  minimi  dipiti,  and  spcundi  intmiidii  polliris, 
du«  to  implioiitif.n  of  tho  posterior  division  of  th.-  oijihth  rorvi- 
fill  and  firHf  dorniil  norvcs  which  jf.ins  th.>  muHrulo-spiral. 

Sometimes  th.'  first  dorsul  rcmt  ulono  may  Ik-  dania^fd 
hy  a  wTvnch  of  th*-  arm  downwards  and  Lackwards  Htrctthinjr 
tho  n.Tvo  over  tho  first  rib.  This  losion  will  simulate'  an 
ulnar  palsy  in  causing  wasting  of  tho  intrinsic  musculaturo 
of  til  '  hand  ;  but  tho  thonar  musclos  oscapo  in  ulnar  palsy. 
Thoana-sthosia,  too,  willdifTor—that  in  ulnar  palsy  involving 
tho  littlo  finpor  and  innor  half  of  tlio  ring  fingor ;  while  a  losion 
of  tho  first  dorsal  root  produoos  a  strip  of  anjrsthosia  along 
tho  innor  sido  of  tho  foroarm  as  far  as  the  wrist,  and  does 
not  include  any  part  of  the  hand.  In  certain  cases  it  is 
possible  for  the  first  dorsal  root  to  1h'  injun-d  within  the 
Bj)inal  canal  close  to  the  cord,  when,  in  addition  to  tho  at)ove 
sym])toms.  th.To  will  also  ho  paralysis  of  tho  sympathetic 
pupil-dilator  fibres,  so  that  the  puj)il  will  remain  medium 
small,  and  will  not  dilate  in  shade. 

Treatment.- The  treatment  of  lesions  of  the  inner 
cord  or  of  tho  ulnar  nerve  will  be  on  tho  same  general  lines 
as  in  musculo-spiral  paralysis,  though,  as  there  is  no  wrist- 
droj),  th.'ro  will  b,  no  necessity  for  any  extensor  splint 
apparatus.  When  tho  losion  to  the  ulnar  is  low  down  at 
the  wrist,  a  good  arrangement  for  the  electrode  is  t<,  place 
tho  liaiid  flat,  palm  downwards,  u})on  a  flat  disc  electrode, 
while  another  di.sc  oloctmdo  is  laid  upon  the  back  of  the 
hand.  (Jalvanism  should  bo  employed,  and  the  current 
reversed  at  a  rate  of  from  once  to  twice  a  second,  the 
strength  of  the  current  lu-ing  from  5  to  10  ma.,  according 
to  the  strength  of  tho  contractions  obtained.  Faradism  will 
bo  of  '  'ss  use  in  the  treatment  of  ulnar  paLsy,  though  when 
tho  faradic  reactions  are  commencing  to  return,  the  combined 
curn^it  with  slow  faradic  shocks  may  be  given. 

The  prognosis  in  ulnar  palsy  depends,  of  course,  on  the 
gevority  of  tho  lesion,  .njight  injuries,  as  from  pressure  during 
sleep,  usually  commencing  to  improve  within  a  fortnight. 
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\t  is  in  th<'  niM.'s  of  division  of  the  nrrve  m-ur  tlu-  wrist  thiit 
tli.rc  is  csiMMiiil  (liinpT  of  the  uvrw  rpmainin^  fH-nnjinrntly 
piiralyscd.  for  tlu-  siirjrcoirs  attention  is  very  likflv  to  Im- 
more  HiH-cially  din'<t<d  to  picking  up  and  n-unitinn  divided 
tendons  than  to  examining  the  condition  «.f  the  uhiar  nerve  ; 
and  it  is  often  not  until  some  days  afterwards,  when  the 
patient  is  iK-coniinj,'  more  accustomed  to  the  wdund,  that 
the  loss  of  sensation  over  tlie  ulnar  distrilnition  is  ?iotice(L 
and  the  discovery  made  that  the  uhiar  nerve  was 
divided  at  the  time  of  the  injury.  Keo|»enin^'  ..f  the  wouml 
is  now  nece.s.si!ry,  and  secondary  suture  of  the  divided  ends 
of  the  nerve  must  Im-  performed  This  late  suture  of  a 
cut  nerve  i.s  much  less  likely  to  he  successful  in  entirely 
restoring;  its  functions  than  is  a  primary  suture,  and  re- 
covery is  still  less  likely  to  ensue  should  the  wound  have 
suppurated.  Kven  under  the  most  favourable  circum- 
stances, if  the  nerve  has  In'en  dividc<L  comj)lete  return  of 
perfect  .sensation  ajid  motor  pc.wer  is  scarcely  to  Ik*  lfK)ked 
for  und<'r  twelve  months,  though  certain  forms  of  sensation 
recover  earlier  than  others. 

Head  has  shftwn  that  peripheral  sensation  consists  of 
thn'e  separate  forms:  (I)  Deep  sensihilUu,  or  s.'n.sations 
of  pressure,  which  may  l>e  actually  painful,  and  svhich  are 
perceived  l>y  the  muscles,  tendons,  and  deeper  structures 
through  the  medium  of  sensory  fibres  ruiiiiing  with  the 
motor  nerves  to  the  muscles  ;  (2)  protojxithic  sensafion,  or 
sensations  of  pain  to  pin-prick,  etc.,  including  recognition 
of  extremes  of  temperature  of  heat  and  cold  ;  (.J)  epicritic 
sensation,  or  finer  sensations  of  toucli,  including  accurate 
localisation,  and  recognition  of  milder  degrees  of  warmth 
and  coolness.  Of  these,  the  third  does  not  overlap  in  its 
IH'ripheral  distribution,  while  protopathic  svnsiition  and 
deep  sensibility  do  overlap  considerably  in  the  distribution 
of  neighbouring  peripheral  nerves.  For  e.xarnple,  in  the 
case  of  a  divided  ulnar  nerve,  epicritic  sensation  "^^i"  '>"  i'°* 
over  the  inner  sid< 
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inner  liilf  ol  th.-  third  finp'r.  r«.rrf'.s|M.ii(liiijr  acciiratelv  with 
flu-  anit^.niitiil  distrihution  r»f  flu-  n.-rvc,  while  Hensiitii.n 
f<»  pin-jirick  will  l.e  only  |.arti.;lly  lost  cm  the  inner  half  of  the 
third  finjier,  l.nt  r..ni|>let"ly  lost  on  the  little  fuip-r ;  deep  sen- 
sil.ility,  als'),  will  Ne  Itnt  little  irnjiaired  fin  the  third  tinker. 

Tlies'-  difTerent  forms  of  sensation  do  not  recover  simul- 
taneously after  suture  of  a  divided  nerve,  epicritic  sens  ition 
tikiiif,'  very  much  lonj^jer  than  the  [>rotopathic.     The  latter, 
in  a  f.ivouraltle  cas--.  may  conuneiice  to  ri'turii  in  six  weeks, 
and  l>e  completely  recovered  in  ten  weeks,  after  which  the 
liahility  to  trojdiic  sores  disippears.     Motor  recovery  doi-s 
not  commence  unti:  fr<.m  live  to  six  months  after  suture, 
and  tiiiiy  take  twelve  to  ei^-htc-n  months  l.efore  comple- 
tion, while  epicritic  .s»nsition  does  not  c(»mrnence  t4i  return 
until   ten   months  have  elapsed,    ||,>in^  comjtlete  in  ahout 
twelve    months.     Oicasioiially.    especially   after  s«'<-<mdary 
suture,  protopathic  and  <l.-ep  s-nsil.ility  recover,  while  at 
the  sa,.ie  time  there  is  no  r.'turu  of  epicritic  sensition  or  of 
motor  pow.T,  the  muscles  remaining,'  permanently  wasted. 
For  tlie  hand,  it  is  much  more  important  f<»r  the  patient 
to  pot  returrr  of  a  fair  deirree  of  sensation  than  that  the 
intrin.sic  mu.scl.>3  of  the  hand  should  recover  :   for  if  there  is 
df'ep  ivna'sthesia  (.f  the  little  tlnp-r  and  inner  side  «.f  the 
hand,  the  value  (.f  tlu'  hand  is  very  considerably  impaired 
as  i\  sentient  and  preh<'i:sile  orf^an,  as  the  little  finger  will 
he  constantly  getting  in  the  way  and  he  in  danger  of  injury, 
while  at  the  .same  time  there  will  l.e  great  difli-ulty  and. 
indeed,  impossibility  of  recognising  ol.ject.s  hv  the  touch. 
If,    how.'vor.    protoiK'ithic    sensation    and    deep    .sensibility 
return,  it  will  make  h  consideral)le  diflfenMice  to  the  useful- 
ne;:   of  the  hand,  even  though  the  iuterossei  remain  per- 
manently wasted. 


;;l: 


MKDI.VN    NKKVK   PAHAIASIS 
Like  paralysis  of  the  ulnar  nerve,  that  of  the  median 
nerve  may  result  as  part  of  a  brachial  plexuj  lesion,  or  it 
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m;iy  1h.  iiijim-il  in  th."  axilla,  arm,  or  fon-arm.  r.ikr  tlio 
ulnar,  if  ^'ivt-s  rm  liran<  h  alKUc  tin-  tllK.w.  cntiTin);  the  fn^>- 
arni  U-twcfn  tin-  two  hfad.snf  flic  pndiator  radii  fms.  whiiU 
it  su|.].li«',s.     [n  til.'  fnriMrni  it  nivrn  (.ff  nnisnilar  l.raiicli.M 

-  the    antt'rior    irittTnHXfM.iis    anil    flif    palmar    cutai uh. 

Th.'  Mi.'ilian  imtv.-  n-r.-ivrs  fil.ns  fn.ni  all  tli.'  tivi-  roots 
that  rntt-r  flic  l.radiial  ]»l.'.\iis.  aixl  if  <(.nvi'\.s  niofor  filin  s 
to  all  fill'  fj.-xor  nniH.|..s  in  ih..  fon-arm  f\c.'|.t  tin-  (l.-xor 
rarpi  ulnaris  an.l  th.-  iniirr  half  of  flic  fl.xor  profniHlns 
(iiuifonim.  wliirli  an'  nuppliiMJ  l.y  fh,.  ulnar. 

Till'  outer  had  of  th.-  median  carrii.s  fhi-  motor  fiiirr.s 
for  fhi'  pronator  radii  fcn.s.  the  flexor  <jirpi  radialis,  pal- 
maris  lotiyns.  ainl  a  frw  fil.n-.s  to  the  lli-xor  .sul.limis  diyi- 
torum.  whilf  at  tin-  .sam«'  fimi-  it  also  carrii-s  sensory  filin-s 
to  tin-  skin  of  th-  p.ilm  of  the  lian<l.  the  fhiimW.  an<l  outer 
three  finjiers.  The  inuvr  had  of  tin-  median  carries  the 
inotttr  fil>n  s  for  the  maj<ir  portion  (^f  (he  fh-xor  .suhlimis 
the  flexor  l..rij,ms  pollicis,  the  outer  half  of  the  Jlexor  pro- 
fumlus.  the  th.-nar  mn.scles,  and  the  two  outer  lumhrieals, 
hut  n«.  cutaneous  s-n.sory  fihn-s.  Like  the  ulnar,  the  median 
m-rve  sup))lies  part  of  the  dorsum  of  the  fin<rers.  the  ter- 
minal two  phalanj.'es  of  the  index  and  midiUe  tinkers,  and 
the  out-r  half  of  the  dorsum  of  the  terminal  two  phalanges 
of  the  third  finy.-r. 

Treatment.  -  The  treatment  of  median  nerve  paralysis 
will  Im"  on  th"  same  lines  as  idiiar  paraly.sis.  The  nerve  is 
liahle  t«  injury  in  the  up|>er  arm  from  sfah  wounds,  hut 
never  suffers,  like  the  mu.sculo-s|>iril,  l)ycompres.sion  against 
the  hone.  In  the  forearm  it  may  .suffer  from  pressure  on 
the  flexor  aspect,  especially  during  sleep,  or  from  the 
prea-sure  of  a  tight  bandage  or  splint  ;  hut  it  is  le.ss  common 
than  ulnar  paralysis  from  this  cause.  Stab  wounds  and 
gashes  across  the  wrist  may  divide  the  nerve,  and  sonu'times 
it  is  involved  in  sear  ti.ssue,  although  the  nerve  mav  not 
have  been  injured  at  the  time  of  the  original  wound.  In 
this  latter  case  the  patient  will  compluin  of  tingliugs  iu  the 
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thiiriili  and  two  niif.T  (iiif;.rs,  with  (K-cjiHiojial  piiiti.  whirh 
is  .-vok.-a  or  iri<r.M,H.'«I  l.y  iin-ssiir.-  ov.-r  tli.-  .sit.-  of  th.-  h'-ht. 
I  hiivf  .+  rn  ji  ciH,.  of  partiiil  nwdiiin  iwrvf  paralvKis 
thus  |.ro<|ii.r<|    \,y  a  .slight   amount  of  K.-ar  ti.ssiio  in   tho 
upper   part   of  th-   fonarm.   the   n-Hult  of  u  Htah  wouml 
s.'v.-ral   w.-f.ks   previously.     Thm-   was  sli^lit    hut   <h'rmitc 
!ina-sth.«ia  to  tou<h  and  pin-pri.k  ov.-r  the  cutaneous  di.s- 
trihuti..ti    of   the    ni-dian.    with    weakness  of   the    rnus-les 
supplie,!    |,y  it     and   also   very  definite  diminution   of  the 
briskness  of  thes-  musries  to  the  faradie  eurrent,  though 
there  was  no  hyperex.  ital.ility  to  galvanism  or  |M.lar  change. 
The  wvtund  was  reopened  and  th.'  s<ar  tissue  dissected  off, 
with  the  r.-sult  of  almost  immediate  return  of  power.    Care- 
ful ti-stinj,'  on  the  morning'  fijlowin^'  the  operati  onshowed 
that    the  ^rip   was   now   much   improved,   and   there   was 
scarcely  any  det-.tahl.-  ana-sthesia.      Moreover.  I  took  the 
firadic  reactions  aj,'ain,  and  h.und  that  the  l.riskness  of  re- 
action of  the  fle.vors  t<»  faradism  was  now  much  increased, 
much  more   like  those  of  normal  muscles.     The   man.   an 
artism,  declared  that  he  found  his  hand  was  much  stronger 
and  less  iiumh  as  soon  as  hi-  came  n.und  from  the  anasthetic. 
Th"  operation  had  disclosed  two  rin^s  of  thin  .scar  tissue 
surr.mndinu  the   upper  j>art  of  the   median   nerve  in   the 
forearm,  hut   the  n.-rve  <lid  n„t  appear  to  he  nipped  there 
or  at  all  narrowed.     This  case  is  evid.'nce  that  it  is  jmssible 
f..r   actual    mus.ular     weakness,    partial    aniwthesia,    and 
diminution   of    faradie    excitability   t<»    result    fnmi     vorv 
slight  compn-ssion  of  a  nerve  without  any  destruction  of 
the  nerve  til.n's.     Apparently  the  compression  of  the  soar 
tissue  was  suflicieiit  j)artially  to  obstruct  the  conduction 
of  both  motor  and  sensory  impulses  alon^'  the  me<lian  nerve, 
without  clamafiin^  the  tibres  enough    to  s-t   up  (h-genora- 
tioii.  .so  that  removal  of  the  comprcssinj;  .scar  tissue  was 
follow.-d    by    immediate    imj)rov.>ment    in    the   symptoms. 
ft  is.  in  f:.ct.  merely  an  ijideHnit-  prolongation  of  the  con- 
Oitiou  in  which  u  nerve  is  when  it  has  "  gone  to  sleep  "  as 
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th«'  r«'8ult  (»f  Mliyht  pri'Hsun'.  In  thin  caw  th«'  wnikm-HH, 
tinyliiif'.  ami  aiia'sthcsia  paHS  away  in  a  f«w  ininiit«H  aft»'r 
the  pn'twurc  is  rt'lraw'ti. 

Whvn  the  neuritis  (»f  tlm  nu-tlian  is  at  all  rn'MTc  tli»r«> 
will  Ih'  n>ark»'(l  trophic  <  haripn  in  tlio  nkin  and  joints.  Tlif 
skin  iM'conii's  titin  ami  ulnssy.  ••sjM'<ially  on  tin*  tinp-rs.  an<l 
swfatinn  in  <(ftcn  |»n.fin<'.  TKis  .swcatinj.'  <1o«h  not  ornir  if 
tlu'  nerve  is  divided,  until  tlie  regeneration  has  pron-edi-d 
to  the  Mta)»e  of  return  of  protopathi<-  sensibility. 

Ui'.side.H  tin  ^lojwy  akin,  the  finder  pads  iM-come  wasted 
and  |K>inted.  and  the  naiLs  striated  an<l  brittle.  Peri- 
articular adhi'sion.H  form  alM»uT  the  phalanj^eal  joints,  eaus- 
inn  stiffness  of  the  tinkers  an<l  .sonn-tinies  ••onsideraltle  dis- 
tortion. Massage,  pa.ssive  movements  of  the  joints,  and 
IM-rsistent  galvanism  will  Ik-  the  l>est  line  of  treatment, 
though  fjreat  patience  is  reqiiin-d  in  a  s«'vere  ca.se,  ei^jhteen 
months  or  two  years  elapsinji  l»<'fore  ther«>  is  much  iujprove- 
ment. 

S<imetime,'?  a  severe  form  of  neuritis  of  (he  m.dian  ami 
ulnar,  an<l  of  the  ratlial  al.so.  results  from  the  t<M)  tij{ht 
application  of  a  handaj^e  for  the  treatment  of  a  sprained 
wrist  or  of  a  fracture  of  one  of  the  Uines  in  the  forearm  ; 
as  a  n'sult,  the  musiles  wast^-,  with  the  reaction  of  dep-nera- 
tion  aj)pearinn,  "'»«•  later,  contracture  of  the  fle.xors  of  the 
fingers.  Lschii-mic  myositis  may  Iw  comhincd  with  this 
condition.  This  late  contracture,  together  with  the  {wri- 
articular  adhesions  of  the  int<:rj)halangeal  joints,  cripple  the 
hand  for  many  months,  from  one  to  two  years  oft«'n  elapsing 
Ix'fore  a  moderately  .severe  cast?  n'covers  entirely.  A  useful 
method  of  treating  such  ca.si'S  is  hy  eh'ctric  arm  haths-a 
j)orcelain  or  earthenware  hath  of  the  retjuired  shapi-,  hold- 
ing from  L'l  Ui  .')  gallons.  The  forearm  is  immersed  in  this, 
with  sufficient  wat<'r  just  to  cover  the  skin  comi)letely,  and 
the  electrode  wires  are  attiuhed  to  two  paddle  or  racijuet 
shaped  cop{)er  electrodes,  the  anode  Ix'hind  the  ellmw,  the 
katluKle   at  the   tingei-s.     Using  the  constant  current,      le 
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iMTTi-nt   IS  slowly  turnc.l  c.n  until  tl...  f-ulvanonw-tor  marks 
•■tl-Mit   10  ,„,.     This  sl.odl.l    1...  allow.Ml   tn  r,n.    fnr  alu.nt 
t"ti  Miinufrs.  an.l  th.-.i  fur  aiioihrr  f,.„  niimifrs  l|„.  ,um-i.t 
sl.'.ui.i  1...  <li,ni.iish,..l  a.xl  n.v,.rs.-,|  our.,  a  s-vcn.I.     ()wi„a 
t|'  til.'  Urt  that  th..  .um-nt  has  an  alt-rnati...  path  throu^'h 
th.'  wat^T  ..f  fh..  I.ath.  (,r  thn.i.^rh  fho  waf.-r  ami  thr  tissues 
of  th..   an...   „nly   a    ,....,,orti,.„    <  f   jt    passes   thr.-Uf-h   the 

Im.l.      loujrhlyal.ouf  ..ne-thinl.  l,ut  varviu^-with  theamo.int 
of  wale,-,  the  shape  ,.f  the  hath,  and  the  extent  to  which  the 
water  eovers  the  li„,|,.    The  si.iusoi.lal  current  from  thealter- 
natin^r  ,.|,.,.,,ic  li^ht  mains  is  ofjittle  use  in  the  treatment  r.f 
th".-, .  <ases  of  .leuritis,  in  my  opi.,i„n,  wh.-n  the  muscular  fest- 
iiifT  has  shown  that  the  muscles  do  not  react  to  faradism. 
The  al.ove  im-thod  of  u  ;in«  th.-  ...nstant  ...rrent  in  an 
'"•...    I.ath   is   v.M-y   .•.,..v..ni,>nt  if  the   .....stant    .-urrent    is 

availald..  on  the  ..l.'-tri,.  li-htinu  mains,  h.Hause  the  ...st  of 
'•'••••unvnt  „s..l  is  Ih.'u  n.-jrli^nhle  ;    hut  if  the  onlv  avail- 

^il'I.'  so.uv..  .,f  the  .-.Mn-nt   is  a  j:alva..i.-  I.a(t..,v  ..f'w.-t  or 
dry  c.dls,  it  will  l.e  a.lvis.l.l.-  n.,f  t.,  ..n.ph.v  this  m.-thod 
•"'.aus..  th.'  wasf.sr,.  of  .urr.mt  will  I,,-  a  h.-aw  .Irain  .,n  the 
ivs:.ur...s  ..f  th..   hathTy.  si.....  two-thir.ls  .,r  n...re  of  the 

niir..nt   that  is  I.einjr  iise.l  in  th.'  tivatment  .,f  the  limh  is 
l-in^r  „.ast,-.l  in   th..  wat..r.     Unh-ss.   th..r,.f„re,  cuiT..nt  is 
avadal.l..   fn.m   tl...   mains  ..r   from  a    l...tt..rv  of  ac.umu- 
liit.us.   1».  !h  ..|..ctr.Hl..s  slu.ul.!  not   he  plac..,i  in   th,.  same 
arm  hath,  hut  ......  „f  tl...  wiivs  mav  he  attach..,!  to  a  hir^^e 

llexihle  i)lat,.el,.ctr,Hl,>,  an,l  fas(en,.,l  aroun,!  the  u].p,.r  arm. 
whil,.  th,.   han.l  r.'sts  ...i    tl...   katho.h.  (sc'  p.  -Ji'.s).     \\■^^]^ 
thisarian-..m,..,t  th.-r..   will    h..   n..  wastaj;..  ,.f  curn-nt.  all 
that  is  n.a.k...l  on    th..    ;;aKanom,.t,.r  passing  throned,  tl... 
tiss...-s  ,,f  tl„.  limh.  an.l  th..n.f.,r..  n..t  more  than  7   lil  ma 
nmst  h,.  .....pl.nc.l.     Car..  n.i.>t.  h.-w.-ver.  he  taken  that  the 

^•>'"1''  IS  applie.l  to  the   uppc-  a,m,  an.l  that  h.'i.sterin.^  of 
tl...  skin   IS  n..t  allow...|  to  tak..  pla.'..,  ,.winjr  to  th,.  us"'^  of 

toostn.n-  a  .airrent.  ..r  .frvin;-  „p  ..f  tl l..ctro.l..  ,„v,.r- 

mir.  ,,r  ....eqi,;;!  pn-nsurr  .,f  the  m,  til  rp...,  li.e  skin. 
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AiU)th<T  vtTV  si'rious  rosult  of  tin-  too  ti<iht  appliciititm 
of  a  !)jiiM!ag<'  upon  the  soft  tissues  of  the  limh  is  ischaeisic 
myositis  (p.  l.'.l).  This  is  produced  l»y  the  tijihtuess  of 
the  hiindiifie  srjueezing  the  l»lood  and  lynij)h  out  of  the  liinh. 
and  thus  damagiiifi  the  nutrition  of  tlie  nuisiles.  so  that  a 
condition  resemhhng  a  jireniature  rigor  n'.ortis  is  set  up. 
The  condition  was  descriln-d  liy  Vnlkniann.  and  i:;  some- 
times known  as  Volkmann's  contracture,  anil  most  fre- 
(pientlv  affects  the  Iticeps  or  Hexor  muscles  of  the  forearm. 
In  some  of  these  cases  the  nerves  and  nerve  endings  do  not 
a])pear  to  he  dansaged,  and  then  there  is  no  alt.Tation  ot 
the  eh'ctrical  reactions,  although  the  nm.scles  are  contract«-d 
and  paralysed.  The  contracture  is  ])rimary,  occurring 
witiiin  a  few  days  of  the  application  of  the  tight  hamhige, 
and  is  thus  easilv  to  Im'  distinguislied  from  the  lat^*  con- 
tracture resulting  from  a  nerve  lesion  and  its  conse(pient 
muscular  wasting.  Moreover,  in  ischa-mic  myo.sitis  there 
will  Ih'  no  other  sign  of  nerve  involvement,  such  as  an- 
a'sthesia,  glos.sy  skin,  wasted  finger  tips.  et<'.  In  the 
majority  of  cases,  however,  f»f  isch.i'inic  myositis  that  I 
hav»'  met  with  there  liavc  heeii,  in  addition  U>  the  primary 
muscular  contracture,  signs  of  nerve  involvement  by  the 
pressure,  of  the  bandage,  as  .shown  by  anipsthesia  and  re- 
action of  degen<'ration  of  the  muscles. 

The  contractun^  in  ischa'mic  myositis  is  very  obstinate 
and  resistant  to  treatment,  prolonged  mas.sage  and  j)assive 
movements  over  a  }>erio<l  of  many  months  Iwing  the  oidy 
reinedv  short  of  lengthening  the  tendons.  ThiK  is  some- 
times done  by  splitting  the  tendons,  and  then  lengthening 
them,  but  it  involves  a  long  and  tedious  op<-ration.  A 
(piicker  way  out  of  the  difliculty  practised  by  some  surgeons 
has  l»een  to  take  a  piece  out  of  the  l>ones  of  the  forearm, 
thus  shortening  the  whole  limb,  so  tha»  the  fle.xor  tendons 
will  then  allow  tiie  lingers  to  !»■  straigiilcimi  out. 


300 


ELi:CTRI(-AL  TRKATMENT 


NKUVE    IN.Jl  JUKS    OK    THE    LOWKK    KXTHKMITV 
Tho  n.Tv.s  of  tho  Ir.w.T  .■xtromitv  ar..  mu.h  l.-ss  fro- 
qunntly  inj„r..,l  than  thos-  r.f  th,.  u,,p,.r.  ,1,,.  to  th.  farts 
that    tho    |.un}.o-Ha.ral    pl.-vus    is    shi.-M..,!     from    injurv 
n.  th.  polv.s,  arul  also  U,  th.  .r-at.r  siz.  and  strrn^th  .if 
JH'  tlii^rh  an.l  l..^r  affonlinjr  irr,,it..r  prot-.tion  to  th.  n.rvos 
"'••  lu'ni.ar    or    sural    pl.xus    is  s„n.ti,n.s    i„voIv..l   i„ 
syph.ht.,-fr„.nrnata.  and  pain  in  th.  lin.l.  with  rapid  muscular 
wasting  Hhould  su^.'st  th.  trial  of  anti-svphiliti,-  n.«,..li.s 
It  IS  tru.   that   th.  scinfi.   n.rv.  is  mu.h   m.)r.   lial.l,.  to 
n.Mintis  fr.,m  ...,1,1,  «..ut,  or  rh.umatism  than  is  th.  I.ra.hial 
pl<'.vus,    an.l  It  ,s    also  som.tim.-s  .lir..<,tlv  injur..!  I.v  min- 
.sh.,t  w..un.ls  ..r  a  stah.     Siniilarlv  the  ant.nor  crural  n.-rv. 
may  I,.  ...•.•asu.nally  iuj.r.<l   l,y  a  woun.l  i,.  th.  jrroin  „r 
fnmt  of  th.  tin^di,  .ausin^  wastinj;  of  th,.  .p.a.lric.ps  .x- 
tonsor  and  w.>akn,.ss  of  .xt..nsion  of  th..  kn,....  with  loss  of 
Kno.-jprk. 

In  th..  l..jr.  (h,.  peroneal  nerve,  ..r  .xt.mal  poplit.-al 

as  It  IS  als,.  .■allcl,  is  som,.fim..s  injur..,!  I.v  pn'ssur..  un.l.r 
a-.  ana.sth,.t..-,  .,r  l.y  a    l.l.,w   wh.r,.    it    is  liahl..  t..  u.jurv 
as  It  winds  r..un.l  th.  no.k  of  th,.  fil.ula.     Tnis  inj.irv  mav 
H'sult  from  a  slip  h,>tw..,.n  a  railway  .-arriaR..  an.!  th."'  i.lat- 
fnrm,  jamming  th.  l.^r  l,,iow  th.-,  k.....     An..th.r  .auso  of 
pr,.ssuro  on  th,-  n.-rvv  is  s....n  in  th,.  tra.!..  of  carp.ntors  and 
slat.rs.   fn.m  lyin^r  on  on..  si.!,>  a.-r.)ss  th..  joists  whil.  at 
work  on  a  f!o.)r  or  roof.     As  a  r..sult  ..f  this  .rushin^r  of 
the  norv...  th.r.  will  h.  paralysis  of  th,.  i„.r..n.i,   an.l   .,f 
.•xt4.n.i.m  of  th.   t.M.s  and  .h.rsifl.xi.m  of  th.  ankl..  with 
atui'sth.sia  .,f  th..  .h.rsum  of  tlu-  l.^ir.  ;i„kl..,  an.l  f..ot.     Th.-r. 
will   I,,.   fo.,t-.lrop,    n.....ssitatinf:  th-   f.u.t   an.!   kn...   iK-ing 
ra.svd  h,^h  .n  walking:  ;    a  st.ppap.    jrait.  fh,>  foot  tlappinR 
an.!  l,,.,,,.-  (urn,..I  inwanls.     A  ^outv  or  rlu-umati.-  n.uritis 
of  this  n,.rv,.,  or  p..rtions  ..f  it,  s..m.-tini.s  ...•rurs,  rausinir 
pain  ahu.fi  th..  front  ..1  the  l.p,  an.l  w..akn,.ss  and  wasting 
"f  th.  tihiuii^  ..nfi.us,  th.  .A(,.nsor  l..nwus  digitorum,  th. 
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oxtonsor  lonmi.s  liallucis,  or  (»{  th«'  pTonei.      Either  one  or 
inoH'  frroups  of  th  sc  imisdcs  iiiiiy  thus  suffer  in  oiu-  lep. 

Treatment  of  peroneal  neuritis.-  in  the  stage  of 

complete  musi-ular  pu... lysis,  if  the  neuritis  is  a  severe  one, 
there  will  ])o  fully-developed  reaction  of  degeiu-rution, 
and  therefore  the  constant  current  is  the  only  form  of 
current  whi«h  will  i-voke  muscular  contrac^tion.s.  A 
pood  meth<.d  of  pivinp  the  .■lectrical  tr.'utnient  will  he 
to  fasten  a  flat  ]>late  electrode  l.y  hendiny  it  around  the 
upper  part  of  the  lep,  and  tie  it  on  with  a  I)andape  to 
prevent  it  from  slipping.  The  electrode  must,  of  course,  1m> 
thoroughly  wetted,  and  the  fo..t  then  placed  in  wat«'r  in  a 
shallow  foot  hath.  1  li  >  other  electrcuh'  sliould  then  he 
placed  in  th.'  water  \s  th  the  foot,  and  the  current  turned 
on  until  a  strength  .,:  S  ma.  is  registered  l.y  the  galvano- 
meter. The  current  should  then  he  reversed  in  dire.tion 
about  once  a  .secr.nd.  either  l.y  working  the  current  reverser 
on  the  I.att4'ry  l.y  han<l.  or  else  l.y  means  (.f  the  metronome 
automatic  reverser.  As  the  faradic  reactions  return,  with 
eonunencing  recovery  of  the  nerve,  it  is  a  g(.od  plan  to  apply 
the  coml.ined  faradism  and  galvanism  in  this  wav,  hv  turn- 
ing th.  swit.h  of  the  c.mhined  l.att<'ry  halfway  between 
F  and  (J,  or  l.y  cf.nnecting  th.'  positiv.'  p(.le  of  the  galvanic 
battery  to  the  negative  ..f  the  .s.'cf.n(hiry  faradic  coil,  and 
(•(.nnecting  the  electrodes  to  the  n-maining  two  bimLng- 
s.-rews,  if  a  combined  battery  is  not  available. 

Another  way  of  applying  the  current,  which  is  also  use- 
ful, is  to  fasten  the  indifferent  el.'ctrode  to  the  tlngh  just 
above  the  knee,  and  use  a  roller  electrode  for  the  tn>atm.'nt 
electrode,  connecting  it  to  the  negativ.  pole  or  kath.-d.-  ,.f 
th.'  battery.  Using  the  kathode  thus  for  th.-  tn-atment 
by  roller  el.'ctrode.  a  certain  amount  of  ma.ssage  is  com- 
bined  with  the  a}.plicati(.n  of  the  el.'ctri.ity.  Maa.sage 
slK.uld  also  be  given  separately,  best  .laily,  and  pa.ssive 
movements  and  movements  of  the  mu.sc|.'8  execute.!  airuii.Ht 
graduated  r.sistance  will  form  an  important  jjart  of  the 
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troatmont,  as  soon  as  thcro  is  a  slight  rvtnrn  of  volunt^irv 
pow.r,  or  fn.rn  (I,,.  <„mMi-n,.,.„u.„t  in  fl,„.s,.  sliphf.  r  cases 
"'    win.h   flu.    wl>ol,.    n.Tv..    has    not    suffm-d    (•o,ni.I,.t..|v 
I  his  c.mhination  of  passivo  niovornonts  and  thn  ...wcuti(",n 
r.f  movoni..r.ts  apiinst   f;ra.!uah.d  rosistanco  h.rm  the  i.rin- 
'•'J'l'-   of    what    is     nswally   .all..,l    -Swedish    massaji,- "  a 
mHhod  wh„h  is  a  most  uscfnl  a.lj.n..t  in  tho  euro  of  tho 
^huhtvr  ,as..s  of  n.us.ular  ,,aralys,.«  du,.  f<,  n.uritis,  and 
in  th.'  lator  sfaucs  of  n'covcry  of  those  cases  in  whi.^h  the 
}»aralysis  is  eonijtiete  at  first. 

Tfl;KK(;il,AIl  NEIRITIS 
This  is  compartively  rar,..     I  have  on.e  seen  a  severe 
case  of  multiple  neuritis  in  which  the  onlv  cause  apj.arent 
was    a    WKh'spread    miliary    tuberculosis,    ending    fatally 
Alcohoh..  neuritis  is  commo.i  enough  in  conjunction  with' 
P"l"ionary  tuhenulosis.   l.ut  in   those  cases  the  al,-oho|  is 
the  prime  factor,  and  the  pulmonarv  tuiK^rculosis  is  largelv 
•••'JM'ndent  upon  the  «liminution  of  resistance  to  tuher.le 
iiivasi.m.  owing  t<.  the  condition  of  chronic  alcolu.lism.    The 
multiple  neuritis  in  these  cas^-s  is  of  the  tvpe   familiar  in 
alc<.holi<-   neuritis,    but  it  is.   of  course,  possible   tliat   the 
developm,>nt  of  tulK-rcle  in  an  alcoholic  subject  mav  pre- 
(•ipitat<'  the  oc.urrence  of  multiple  neuritis,  bv  the  simul- 
tane,.u.s  action  of  two  possible  causes  of  neuritis,  just  as  in 
the  ca,se  of  alcoliol  and  arst-nic.     S..vere  brachial  neuritis 
..n  on,,  side  I  have  also  s.-en  occur  during  the  develcmnient 
of  very   rai)id   ami   fatal   pulmonary  tuberculosis  on  that 
side.     Tubercular  neuritis  may  also  atTect  the   feet    as   I 
have  seen  several  times,  causing  severe,  almost  ontinuous 
pain  for  w<..>ks  in  both  feet,  with  wasting  of  the  skin  an,l 
mus.les   of   the    feet,     'niis    latter   c.uidition,    witli    hvper- 
a-sthes,a  of  the  .skin  of  the  feet,  and  irregular  i)vn.xia:  and 
witli  perhaps  signs  ..f  tubercle  in  the  lungs,  kidney,  (,r  else- 
where, is.  T  think,  characteristi..  of  tub.Tcular  neuritis 
Electrical  treatm^.nt  may  be  of  a  certain  amount  of  use 
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in  allayinjj  tho  pain  which  is  a  prominent  foaturo  in  (uIm.|- 
r.ilar  neuritis.  The  constant  current  should  l«-  use,!,  with 
l»oth  the  f..ct  placed  in  warm  wat<'r  in  a  foot  halh.  t«.^etl.er 
with  the  anode  ;  while  for  th..  kathode  a  lar^e  flat  electnule 
IS  used  and  aj),,ned  to  the  hmer  part  of  the  hack.  Tht 
pnncij.le  of  cataphoresis  may  also  he  taken  advanta^'e  of. 
and  the  foot  painted  first  with  an  anodyne  hniment  of  Im-ILi- 
donna  and  aconit<'  ;  or.  instead  of  usin^'  a  foot  hath,  the 
foot  may  ]>o  wrapped  in  hnt  soaked  in  this  modvne  lini- 
ment, and  a  flat  j.late  ..lectroih-  attached  to  the  an«.(h.  In-nt 
round  the  foot  outsi.h-  the  moist  lint.  }W  this  means  the 
helkuh.nna  and  aconite  will  ]..  ,arried  thiuu>rh  the  skin  l.y 
the  cataphoH'tic  action  of  ti.e  c.»nstant  current  fn.m  the 
anode, 

ASCENDING  OR  MlfiHATOHY  NKIHITIS 
13  a  nir.'  -ifTection,  most  commonly  s<'ptic  in  origin.  Thu.-i, 
It  may  affect  l.y  extension  the  hrachial  plexus,  after  a  peri- 
plieral  twijr  has  heen  involved  in  a  septic  proc.-ss  from  a 
wr.und,  whitkm-,  etc.  Starting  with  pain  along  the  ,.eri- 
pl.eral  hranch  of  the  nerve  involvd.  local  muscular  wasting 
may  follow,  and  later,  wasting  of  other  muscles  proximal  t.. 
the  part  first  afTe.ted,  hy  the  ext«'nsion  upwards  along  the 
nerve  of  the  septic  proccs.s.  The  process  is  usuallv  v.-rv  slow, 
taking  many  m<.i,ths.  or  even  vears.  I  have  thus  "seen  a 
sj)reading  neuritis  of  the  l.ra.i.ial  {.lexus.  causing  sev.r,. 
pains  down  the  arm  and  hand,  with  glossv  skin  of  all  the 
fingeia  and  fixation  of  the  interplialangeafjoints,  follow  an 
operation  exi>osing  the  thn-e  upi)er  n.«rves  of  the  l.nichial 
plexus  in  the  neck.  There  was  a  slight  septic  inh-ction  of 
the  wound,  which  was  followe.l  later  l.y  jmin  in  tlu'  hand, 
etc.  This  is  a  most  difhcult  c.iidition  t<.  treat,  anodyjit- 
liniments,  menthol  and  chloral  paint,  an.l  cataph..r.-tic  con- 
stant current  being  th.-  most  successful.  In  this  case  the 
anode  must  he  applivd  to  i]u'  neck  .nlnm-  the  .lavicle.  ai.d 
the  whole  of  the  forearm   should  Ijc  immen«>d  in  an  arm 
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.  tl    . Mh   th..  kaUu>de.     C;r.at  .-aro   must   ho  taken   that 

.•  .c.tn.ly.sKs  <.f  th..  «kin  is  ,.„nit,...l.  an.l  tl...  ski,.  un.I.-r 

h.  ano,h.  uhov..   the   .-luvido   ,nust    he  earef„Ilv   wat<hed 

or  any  s.^ns  of  hhsterinp,  the  unode  l>ein,.  lifted"  up  «ently 

'    <Ty  fe«-  nunutes  for  inspection  of  the  skin.     The    tren.th 

;;^<-;-tsh<.uldnothen.rethan,0nu..andthea2^^^^ 

^^;;;  Ir^V""'  ^ '-^-tton  woo.  soak..,  .n  the  anodv,: 

.  "  .;n  .     In    very  severe  .as..s,   in   whi.h   the   pan,   oV  a 
-ha,,     .,,,.,,,, .^^^^  

>,'"'-•"".  f.,r  ,,,v,s,on  of  th,  j.ost.-rior  spina,  roots  n.av  Ju-ve 
to  he  «onsi<,.T.-d.  • 
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GALVANISM  (nmfinHni) 

(HANIAI.    NKKVKS 

PuK  <r;iiiiiil  nerves  are  fn>(|Ufiitly  involved  \ty  neuritis, 
due  either  to  j)ressure  fron»  un  iiitraeranial  ^^»wth  or 
hydrocephalus,  or  t<»  involvement  in  an  a(ut<'  or  chrnnic 
nienitifiitis  f>f  tultercular,  syphilitic,  or  ciircinomatoiis  origin. 

The   optic  or  second  cranial  nerve.    This  nerve 

may  Ik-  damaged  l>y  optic  neuritis  and  a  subsequent  s<'cond- 
ary  optic  atrophy,  or  it  may  degenerate  slowly  from 
I>nmary  optic  atrophy.  The  former  is  a  common  symptom 
in  cerehral  tumour,  and  in  other  causes  of  increased  intra- 
cranial pressure  ;  while  primary  or  simple  optic  atrophv 
is  met  with  in  tjilx's  dorsalis,  disseminated  sclerosis,  syphilis, 
riel)er's  family  type  of  optic  atrophy,  and  as  a  result  of  pres- 
sure on  or  lesions  of  the  optic  tracts,  chiasma,  or  ojitic 
nerve  behind  the  glolu'. 

Galvanism  is  sometimes  recommeiuh'd  for  the  treatment 
of  optic  atrophy,  usually  the  primary  form,  in  taU-s  or 
in  late  syphilis. 

In  the  application  of  galvanism  for  the  treatment  of 
optic  atroi)hy  two  ])added  disc  electrodes  should  Ik-  used, 
one  two  inches  in  diameter,  attached  to  tlie  anode  and  held 
against  the  ti'mple,  while  the  other  should  l>e  smaller,  one 
inch  in  diameter,  attached  to  the  kathode,  and  gently 
stroked  over  the  upper  lid  or  softly  pressed  under  the 
eyebrow.  A  strength  of  2  to  r,  ma.  should  Ijo  iLsed,  and  if 
the  eyelid  is  too  tender  to  j)ermit  of  the  kathode  \mng 
stroked  over  it,  the  electrode  should  Ite  pres.«ied  gentlv  under 
the  eyebrow  and  the  current  reverw^d  at  intervals  of  about 
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••••nstrirtion    in    ono    ..yr    than    in    thf    otlur.    with     at 
tho   sanu.  tim...   ^rn-at^-r   .lin.inufiun    of    anntv  „f   viHinn 
.•s,„.,.,a||y  whvn    th..r..   aro    hyst.ri.al    h.-tniana-sth.-sia  ar„l 
li-mipl,.Kia.  .h-afiM-ss.  |„.ss  of  fustv  an.l  .smwII  on  th.>  ^itno 
si.h'      N,n...f,m..s  thr  ,..ri,,h..ral  .onstri.tion  is  ,n,.,h  mon- 
mark...    on  ono  si.l..  than  ..n  fh..  ..th.-r.  n.s-n.MinK  .s..n.,.>shat 
tlif  half-h..|,ls  in  heniiam.i.ia  <Iu.'  to  a  l..si..n  ..f  th.-  visual 
<<-ntr.'  ..r  .,f  th.'  opti.-   ra.liati.,ns  or  opti.-  tra.t       fn   th.- 
hyst..ri<al  cas..,  how-vr.  th.-r."  is  n.ark.-.l  p,.riph.-ral  ,„„. 
.str„.t..,n   of  th.>    n.mainin^   half-fi-Mn   in   a.i.lition    to    th.- 
»'li"<liH'«.s  ..n  on.,  si.lo.   wh-r-as  in   h..n.ian..pia  of  ..n^ani.- 
«ms.n   th.-n.  is  littl..  <,r  no  fM-ripb-ral  ronstri(ti..n  ..F  th,- 
r«'mainin>;  half-fi..|<ls. 

Som..tim<.s  hyst,.riral  amblyopia  n.av  U-  so  int.-ns-    ,s 
f"  a.nonnt  to  actual  appan-nf  loss  of  ,,..r.-,.ption  of  lid.t  i,, 
••"..or  iM.th  ..y...s.     Th..  puj.ils  will,  h.-w.-v.-r.  n-a-t  norn.allv 
to  li«ht,  unl,.8s  ut  th..  sam..  tim..  l.-lla.lonna  ..r  son,.,  similar 
<lr.ifr  paralysing  th.'  sphincter  of  th.-  iris  has  !«...»  ,,la,-,..l 
••n   th..   ..onjunctiva   with   int..,.t   to   ,h.,.,.iv,..     Such   com- 
l.niat.on  of  hystvri.al   l.lin,ln,.ss  a,.,!  frau<l«l..nt  (lilatati.,n 
of  th..  p„p,l  I  h-.v..  kno-n  k..pt  u,,  for  four  v.-ars,  an.l  to 
hav..  ,],.,.,,v,.,l  at  least  two  ..min.-nt  pra(titio,u".rs  iM.fopc  th.. 
frau.l  was  .ijsrov.Tcd.     A  co.nl.ination  of  frau.l  with  !iv«t..ri- 
oal  sympton.s  ,s.  indc.-,l,  .,uit,-  c.nun.m.  an.l  i«  proha'hlv  to 
1h.  explain...l  l.y  the  p..,uliar  nu-ntal  attitud..  of  th.-  hvst..Vi.s 
who  arc  in  a  c.uulition  of  «..|f-hypn.,tism  arul  ..suallv  crav- 
inR  for  sympathy,  ..f  whi.h  th..y  pet  less  than  th..v  think 
h-y    .h.serv...     Another    reason    for    this    cotnl.ina'tion    of 
hysteria  with  d.-ceit  is  a  congenital  moral  ohliquitv    often 
Hppr..ach.nj;  the  hord..r  line  of  actual  in.>.u,itv,  from  whiVh 
th.,v  suffer.     This  i.,  r  think,  well  slu.wn  l.y  "the  nnmorous 
cases  of  cl.urvoyai.ts  and  mediums  who  have  lK...n  d..tected 
in  fraudul..nt  practic-s  to  assist  their  ,M.rf..rmanc,.8 

Ocular  paralyses-Paralyses  of  the  third,  fourth 
or  sixth  cranial  nerves,  causing  ditTerv-nt  varieties  of 
paralysis  of  the  ocular  muscles,  have  U-en  in  some  cases 
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'"";•«•;;'    h-   "l.-.trual    tn.at„u.,i,.     J{..f..r..   att..,n,,ti,„.   ,.. 
.iM-uraf,-|y  ulM.h  of  fl,..  orular  ,nusr|..,s  an-  at  fault 

Third  nerve  paralysis.    Th.s  ...ay  Ik.  ,1u.  to  a  l.sio,. 

"f  tl...  tlur.1  „n.l..ns  in  th.  f!.,..r  of  tl...  a.,u...lu.t.  or  to  a 

'»'<•  »l>'r.l  ...TV,.  M.  its  ..ourso  i„  f|.,.  wall  of  fh,.  ..avrnous 
.sinus,  or  ,fs  pass.p.  through  tl.-  s,.l...noi.lal  (is.suro  an.l  fl,.. 
;H.k  of  tl...  orl.it  on  its  way  f,,  fl.,.  n.us.|...s  of  f|„.  ..v,.|,a|| 
"..■  mu.s,|..H  su,.,,li,..l  I.y  f|„.  ,hir,l  ,,  ..rulo-motor"  n.rv.' 
an.  fh.  su,.,.nor,  infernal,  and  inf.-rior  r-.ti.  tl..  inferior 
"•  "I""-,  th..  ..vator  ,.al,...|.ra..  fl...  ..iliary  n.us.l..,  and  tl... 
splMn.t..r  o  ,1...  ,ns.  Paralysis  of  this  n.-rv,.  will,  th.-n-f.^n- 
1-  fo  low..,|  I.y  ,..„„,,,,,..  j,,,^;^    ,.^  ^,^,,j,^^.^^^^  ^^^  ^1^^    ^^     ^   . 

">••■'';'•  -";!  <;xN.rnal  sfral.i.sn.us.  tl...  ..y,.  |„,„,,  turn.-.l  out- 

wanlsan.1   sh^hfly  .lownwanis.  with  ain.ost  roinpL.t.   i,„. 

'"•••"I'ty.     rn  a.l,lition.  tl...  ,,u,,ii  will  l...  n.,.,liuM.  <l.lat..I  and 

(..X-.1.  ami  tl...n.  will  1„.  ,.,.n.,,l..t.  paralysis  of  acommoduf  ion. 

rn  .sl.j.d,t..r  casos  tl.o  ptosis  may  l,.  inro„,p|,.t..  an.I  thrr. 

wdl  Ik.  ,,art,al  al.dity  to  mov.  th.  ..y.  t<.wards  th..  n.i.hllo 

I""'  :    or  om.  or  m..r..  I.ran.hcs  of  th.  third  n.-rv,.  n.av  !«• 

|.i.ko.l  out  l.y  a  h.sion  of  th.  nud.us  or  of  a  division  of  th. 

iifrv.  in  th.  orl.it. 

Th.  ccn.rnonost  raus,.  of  third  n.rv,.  paralvsis  is  svphilis 
•in.  ..tluT  to  a  ^Mitnma  or  ^rurnnuitous  n..ninf;itis.  or  to  tain's' 
".  whuh  d,s..as.  and  in  ponoral  paralysis  of  th.  insane^ 
partial  or  .on.pl,.t<.  third  n.rv.  paralysis  is  v.rv  common. 
Tho  Ar^yll-K.,l„.rtson  puj.il.  or  loss  of  pupil  Reaction  to 
I'uht,  With  i.r.s.rvation  of  r.action  to  accommodation  an.l 
<-'.nv.rK.nc..  ,s  also  a  po8t-s^^)hilitic  ph.nomonon  in  prac- 
ically  .y.ry  cas...  and  duo  to  norvo-c.ll  or  fihr.  d.^r,n.ra- 
tion  in  th.  n.i^hhourhood  of  th,.  third  n.rv.  nucleus 

rh.  electrical  treatment  of  ti...  ocular  muscl.s  is 

ncv.r  v,.ry  satisfa.tory.  inasmu.h  as  th.-v  ar.  out  of  siuht 
and  ar.  so  small  that  no  ol.vious  results  'of  stimulation  arc 
apparent  at   tii.   i.......     Again,   the  conjunctiva,    through 
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vvliicli  the  tufn'iit  huH  t.»  U 


appli.'d,  is  so  si'tisifivc  tlmt 


«u\y  wrak  c.irn.nts  nm  In-  rrnplny.Ml.  It  is  In-st  to  instil  . 
••••Uf.lr  of  .lro,m  of  lo  ,„.r  ,  rnt.  ..Mainr  si.lution  into  tlw  vy, 
Mow  applying  thr  .urn-nt.  fJalvanisn.  hIhmiI.I  Ik.  us.mI 
an.l  a  t;.H„l  plan  is  for  tin-  o|M.r,itor  to  hold  ,„„•  ..|,Mtr..,l,. 
moiHtrn.Ml.  in  his  own  hand,  and  to  appiv  fl 


a 


Th<>  tip  of  thi'  fin^'«'r  shouhl  I 


V  turri'nf  to 


•f  th 


••v..  with  thr  ti,»  <,f  ih(>  fonfinp-r  oftho  oth.-r  hand 

H-  applird  as  niiich  to  the  sidt 


<•  t'vc  as 


poHsil.l.'  over  th.'  nius.l..  which  is  t<.  U-  tr.'at4"d, 
th-.unh  no  <ontra<tion  of  thr  nnis  I.,  will  Ik-  a.-i-n.  Tho 
ofh.T  .■l<.:tr..d..  sh.Mild  1h.  a  ro.in.l  ,lis,-  d.Ttrode  appliod 
»<•  th."  t.-nipl...  just  as  in  tn-atiny  optic;  atrophy.  Thf 
<liiration  of  thv  appli.ati.m  should  Im-  alK.ut  trn  n.inut.'s 
th.'  dir.-.tion  of  th.-  ,urr.'nt  In-iny  fn-cpi.-ntly  n-v.'rs..d. 

In    mufisthniia   tjravis   o,  ular   paralvsrs  "an-    con.nu.idy 
l>n-s..nt.  though  tin-  d,.^n.«.  of  w.-akin-ss  vari.'s  from  tun.- 
t'»    tun.'.      Th.'    facial    nius-Ks    almost    invarial.lv    sufl.-r 
also.    espiTialiy    the    fnmtalis.    orhicuhiris    paipchrarum 
an.l  zyKomati.i.      Th.>    h.w.-r   jaw.    t.,*,,    fnupi.Titly  ,lr.,ps 
tnwanls    th(.    rn.l    of  a    meal,  owinjr    t..    carlv    fati^u.'   of 
tli.>    masticatory    mus-lcs.      In    this    dist-asc    trcatm.'nt   of 
the  afTcctcd   miis<lcs  may  som.-timcs    Ih-  of  iK-ncfit,  thoujjh 
net    much  is  t<.  he    hop..d    for   in    th.'  majority  of  cas' s. 
Th.>  etiology  of  the  disease'  is  un.-ertain.   no  lesion   l.ein« 
present    in    lUTve   ell,    n.Tv.'    fil.r..,    or   muscle   end-plate, 
though  many  of  the  muscles  show  infiltration  with  round' 
lympliocvte.s. 

Th.'  fifth  cranial  or  trigeminal  nerve  is  a  mix.d 

m<.tor  and  sensory  nerve,  carrying  th.-  s-nsorv  fd.n's  for  th.' 
third,   fourth,   fifth,   and  sixth  and   most   of  the   seventh 

ire     exclusively    motor 
nerve  will  cause  lo.ss  of 


in  function.      Paralysis  of  the  fifth 


power  in  the  masticatorv  muscl 


mus'.les  iK'ing  paralvsed  and  wast 


l.'s  on  one  sid.',  the  following 


ing  :    nia.ss.'ter,  t«'m|Miral, 


intorna!  av.d  external  pt.rygoid,  mylohyoid,  ant.'rior  h.'lly 
of  the  digastric,  and  the  tensor  tympani.     No  contri'ction 
o 
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w.ll    «•  f.lt  .>.  fl...  ,„.Ms,.t.r  or  temporal  on  that  si.l,.  «|,..n 
••l.-nr  u,.u  th..  f.....l..  an.l  in  o,„.„iny  ,|„.  n.oufl.  ll...  low.-r  jaw 

will    f.  I   away    lowanln   ll..-    paralys...!   si.!...   owin^   to   un- 
<.f.f.n,s...l  a.t.oM  of  th..  ...vt.rnal  ,.t..ry«oi.I  of  th.  sm„,m|  ,u\. 

/{.•a.t.on  of  ,|,.p.n,.,.t,on  n.ay  1...  ol.tain-.l  in  th.-  rnassHor 
H.'H.jrh  ,t  „M^    I..  ,lifn.„lt  to  .h.M.onstrat..  if  th.-  owrlvinu 
ar.al   nn..H,.|,.s  an-   normal.     Th.-   s.n.sorv   paralvsis  of' th.. 
ifth  n..rv..  will  .aus..  ana-sth.-sia  ..f  th.-  half  of  th..  h.-a.l  in 
fr..nt  ..fa  lin..  j..inin^'  th.'  tw..  a.i.litorv  ni.-ati  ..v.-r  th.-  v..rt...v 
This  in.l...l...s  th,.  for..h..a.|.  ..y...  nos.-.  .h."..!.-.  .hin.  insid..  of 
-s..    ,r,rn..a.   an.!   .•..njun.tiva.   insi.h.  of  month,   tonpuo 
"".1  hanl  ,,alat...  th..  ana-nth.-sia  ...asin^  at  th..  ju.ntion  .,f 
h..   hanl  an.l   s..ft    (Mlat.-s.  an.l   th.-  ant-n.-r  p.llar  of  th,- 
faii....s.     rsually  th..  s-nn..  In.th  ..f  sm.ll  an.l  of  taste  on  th 

s......  H„l,.  w,ll  Ih.  in.,.air...l  or  l.,st  aft.-r  a  sh..rt  tin....  owinc 

t..  I.ss  of  th..  trofhi..  influ..n...  .,f  th-  ...-rv.-  .,n  th.-  s..ns..rv 

mu.-ous  m..n.l.ran...  ('..m.-al  ..l.-r  or  ...njunrtivitis  n.av 
.l.-v,.h.p  ..w.njr  t..  th-  ana-.sth..Hia  ..f  th..  .-..rn.-a.  an.l  tlu- 
n.ns...|u..nt  a..um»lati.,n  of  gritty  parti,|,..s,  wliil..  th.. 
.'.irn.'al  r..fl...\  will  ]»'  lost. 

Th..  tr..atn...nf  .,f  Ijfth  n..rv..  paralysis  will  ,1,.,„.,k|  „n 
»lH.  ,a..s,..  If  ,t  w  .luo  t.,  an  intracranial  >;,„,„„,.  j,,,j,,,.  „f 
Motassiun.  must  Ik-  fthvn  in  irur,.asinK  •I'^s.-s  ;  hut  if  .h...  to 
th..  i,r...s..ur..  .,f  an  intra.rar.ial  «r..wth  oth.-r  than  svphilitic 
'">  n,...l„M,aI  tn.at,n..nt  will  1...  of  ar.v  H-rvic...  Tn.atm..nt 
<.f  fh..  wastcl  n,ass..t..r  an.l  t..n.,K.ral  mav  U>  nitmuAvd 
with  galvanism,  usin^^  th."  kath...h.  with  r,  to  .)  ma 

Tl...  ,hi.-f  ,lis..a.s..  of  th..  fifth  n..rv..  in  which  ..h.ctri.itv 

is  lik,.Iy  t..  1...  ..f  s..rvic,.  is  trigeminal  neuralgia     in 

th-s  n.ost  s.ri.Mis  n..ural^ia  th..  pain  may  Ik.  .uuu'tim.H 
a  lay...I  l.y  passing  a  c.nstant  curn-nt  of  I  or  T,  ma.  through 
tho  fa.-...  pla.M.y  a  round  .lisc  ,.|..ctr...l(.  ov.'r  .,n..  .,f  th..  t..n(l,.r 
Mfots.  su.h  as  .,n  th..  ,h....k-l.on..  Ih.|.,w  th..  vy,,  or  at  th.. 
si.l-  ..f  th..  chin.  Th..  cataph..r..ti,.  .urn.nt  nm;  Ih.  mad.,  us., 
of,  an.  a  .saturat.Ml  .solution  of  cocaino  and  giiaiacol  fihould 
W  apph,.d  with  th..  anode,  the  kathode  U-ing  fastened  to  a 
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pluti-  vloiiTOih  oM'T  Wxv  l,a.  k  ..f  th.-  imk.  Hv  this  inrarsH 
th.'  Hkiii  cun  Ih.  niml,.  ar.n^th.-fi,.  nuAvr  th«.  Hninl..  owin^f  t<» 
til."  <(Main..  lK.ir.jj  carri.Ml  into  the  tmuvn  hv  moans  of  thr 
an.Mlal  .lifTi.sion.  X.MiralKNa  of  f|,..  fan-  ami"  h.-a.!  n.av  al  «. 
U'  n.hrv.Ml  n,  sintaM..  .m.s.s  l,y  nu-anM  „f  tho  «t..ti<'Ht.rav 
or  n-uativ,.  hn-.-zr  fn.n,  th..  Wimshur.t  Htafi,-  ma.  hin".- 
{mv  p.  .•{•;o). 

Tlu"   mvwM    r,r    fnrlaf  n.Tvr   has  aln-u.lv    U-.-n   .h-alt 
with  (p.  1").;). 

The  eighth  or  auditory  nerve.    Kl..  tri<  it v  is  sc.a,..- 

tim.s  »s.-.l  ,„  thr  tr..atm..nf  of  .h-afn-ss,  galvanism  L-in^r 
thr  iH-st  form  of  nirnnt  to  ,.mpl<,v  if  tinnitus  is  a  promi- 
nent symj.tom.     Th..  .vxtorr.al  au.litorv  m.-atus  sh..ul.l   I.- 
lill.'.I  with  wat.-r,  thr  hiNul  iH.intr  |„.i,i  on  one  si.h-.     Th.- 
un.Kh.  IS  .is,..l  for  tn-atnu-nt.  In-in^r  atta.  h..l  t..  a  larvnp-al 
••l.vtro.h.  -  a  stiff  win-  ins.ihit.-.l  n.-arlv  t..  its  ..n.l    whi.h 
18    8,r..wr.l    into    a    small    kn..l..       This    kn..l,    is    ,,la.v.J 
in    th..    m..atus   in    c.mtact   with    th..    wat.-r.    whil.-    tiu- 
kath.Hh.  IS  utta.h...l  to  a   roun.l  .list-  ,.k..-tr.Hh.  an.l  h..|.l 
auainst  th..  mastoi.l  on  th..  8am..  si.I...     A  cnstant  curn-nt 
«.f  ..  ma.  sh.,ul.l   Ih.  turn.-.l  on  ^ra.luallv,  aii.l  »h..ul.l   Ik- 
a  I..W...I  to  run  for  t..n  min.it.-s.     A  nov.d  plan  is  to  ...mhin,. 
this    «r.atm..nt    with   sL.w    j)u!satin|;   fara-lism,    th..   if.t.r- 
niptmfr  hamm.-r  In-in^  so  arrang.-.l  as  to  vihrat.-  sh.wlv 
al,.,ut  twice  p..r  second.  (ar..HhoulcI  Ik-  tak-.-n  n..tt<,  int.'rnipt 
th..  constant   .urn.nt,   an.l   not   to   us.-  a  «tron^r  ^^alvanic 
(■uiT,.nt.  as  a  .lisa^rn-cal,!..  sh..ck  an.l  vertigo  mi^'ht  hv  thus 
l>r.Khic,.(l.     Consi.l.-rahl..    impr.,v,.m..nt    in    ha  ring   «,m.- 
t.m..s  n-sults  from  this  m.-th.Ml  of  tn-ating  clir.M.ic  non-sup- 
purativ..  muhllc-car  catarrh,  with  commcncir.g  lal.vrinthine 
symptoms. 

VAGIS  AM)  SI'INAI,  A((F.sS.H{V  NEKVKS 
I'n.h-r    this   l„-;„i    an-    in.lu.l...!   aff.-.ti..i:s   .,f    t|„.    soft 
pah.f..,  voial  cords,  .strrno-mastoid  aii.I  (raiM-zii  muscL's 
Paralysis  of  the  SOft  palate  may  occur  uu  both  sides 
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in  I.uHK.r  palsy  duo  to  chronu-  dofjcnoratioi,  „f  tl,,-  rm.-Ious 
aml.imius,  or  motor  nucl.-iis  of  th.'  f;losso-j)h,irvn«.'.il  ami 
vuKo-am.ssory  n.-rvs.    ft  may  also  ...•.•url.ilatorallv  in  l.ull.i.r 
palsy  .111.,   to  other  rauso.s,   as  syridfimny.'lia  and  tiinuMirs 
"f  the   jri.MliilJH  ;    l,„i    til.'  commonest  cause  will  l,e  jx.st- 
«ii|'litlieriti(;  neuritis.     Oi.  one  side  only  the  soft  j.alate  may 
Im-  sometimes  j.aralysed  in  lieM,i|.|e<;ia,  or  l.y  a  unilateral 
IcsKm  of  the  medulla,  in  syringomyelia,  or  'l.y  meningitis 
or  tumour  implii  ating  the  vago-aeeessory  nerve  on  one  side 
of   the    medulla.     I.ea.l    poisoning  and  "syj.liilis    niav  also 
(•au.se   palatal   paLsy.      {)„   phonation   the  n.phe  of  the  .soft 
jialate  will  he  drawn  over  to  the  sound  sid.-,  whil<-  at  re.st 
the  areh  oj  tiie  folate  will  hang  low<-r  on  the  j.aralv.sed  .side. 
Stimul,  ■:  -u  of  the  velum  l.y  far.idism  will  not   provoke  a 
••'•ntra.  !         on    the   j.ar.ilysed   .side,   while   l.v  galvanism  a 
sluggish  ((.iitractif.n  m;iy  he  ev<.ked  ;    that  is  to  .say.  th<T.- 
IS    Hi).       A    laryngei.i   electrode   sh(.uld    he    u.sed.    insulated 
•'xcept  at  the  tip,  which  is  resf.-d  against  the  ,s.,ft  palate. 
an<I    interriipte.l    or    reversed    galvanic    shocks    should    h.^ 
given,  using  a  current  of  ;;  ma.     Th.-  in.lifTerent  electrode 
slK.uld   he  a  flat   j.late  aj.plied  to  the  spine  in  the  cervical 
region.     This  tn  atinent  may  accel<-raf<-  the  recov.-rv  of  the 
soft  palate  in  ,.ost-diphth>'ritic   paralysis,  and  p<.,ssih|v  also 
in  myasthenia,      fn  the  rare  cas-s  of  chroni.-  hulhar" palsy 
folh.wing  dipht!,..ria.  I  have  seen  this  treatment  followed 
l»y  considerahle   Improvement  and   recovery  in  two  cases, 
though  a  third  w;'s  not  permanentlv  henetited. 

Laryngeal  paralysis.    l..,ss  of"  voi( .-.  or  aphonia,  is 

a  fairly  common  condition  du,.  to  hysterical  weakness' of 
adduction  of  the  vocal  cords.  There'  is  whi.spering  voice, 
with  inahility  to  i)honaf(>  aloud  ;  and  wh.>n  tlu'  laryn.x 
is  examined  with  the  laryngoscope  th.'  vocal  .'..rds  ar.'  .sc-n 
t..  h.-  of  th."  normal  hrilliant  whit.-  .■..|..nr.  hut  wi.h-lv  s.-pa- 
ra(--.|.  an. I  ..tily  making  v.-ry  slight  m..vements  of  "adduc- 
tion on  th.-  att.ni}>t  to  j.honatc.  Proof  that  the  adductor 
weakness  is  functional  and  not  organic  in  origin  is  afforded 
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liy  the  (IciiKdisfnition  of  ati  iiicorisistfticv  in  the  power  of 
the  adductors.  Imtjiusc.  altlioiit,'li  they  will  not  i.dduct  tho 
cords  wlicii  iittcinptiiij:  to  jihonatc.  yet  in  tin-  rctlcx  a(  t  of 
(ou^'hiiif^  they  act  perfectly  and  clos"  tie-  <;lottis  previous 
to  the  explosive  exj>iration  producing  the  eoufzh. 

This  r-ondition  of  hysterical  aphonia  is  most  conmioidv 
met  with  in  younj;  women,  and  is  ajtt  to  recur  at  various 
times,  like  other  hysterical  .symptoi.is.  ff  of  recent  onset, 
it  can  fiften  he  cured  at  once  hy  eleetrical  treatment,  though 
the  faradic  current  will  he  mudi  letter  for  tliis  pur- 
pose thi.  1  the  galvanic.  The  laryngeal  eh'ctrode  should 
he  used-^a  stifl"  wire  ending  in  a  small  knoh.  ajid  insulated 
from  its  hinding-.screw  attachment  up  to  the  hase  of  the 
knot).  This  elect  nxh*  can  he  JMMit  into  anv  shape,  and 
when  used  for  irif  ralaryngeal  application  it  should  l»e  hent 
at  a  right  angle  at  a  distance  of  two  inches  from  its  end.  The 
faradism  used  should  he  mo(h'rat4dy  strong,  and  should  he 
j)reviously  test«'d  with  a  suitahle  electrode  ujton  the  thenar 
eminen(;e,  heing  sufliciently  powerful  to  produce  hrisk  < on- 
tractions  of  the  tlieiiar  muscles.  The  Wagner  hammer  of 
the  faradic  hattery  .sliould  he  set  to  vihrate  as  rapidiv  and 
as  loudly  as  jxissihle,  and  then.  l»efore  starting  the  machine, 
the  electrode  should  he  rapidly  introduced  over  the  hack  of 
the  tongue  into  the  larynx,  so  that  the  knoh  shall  lie  some- 
where hetween  the  vocal  cords.  The  .hatterv  should  then 
1m'  started,  and  the  current  aj.plication  continued  for 
j)eriods  of  three  or  four  .seconds,  the  current  heing  now- 
started  and  stopped  hy  a  finger  controlling  the  interrupt- 
ing hammer.  This  is  hetter  than  using  a  .swit<h  attached 
to  the  ehH;trode  itself,  sucli  as  is  supplied  (»n  the  handle  of 
a  "  testing  electrode."  It  is  a  much  more  certain  way  of 
stopping  the  "urrent,  and  has  the  advantage  of  stripping 
the  noise  of  the  hattery  at  the  same  time  as  the  current 
is  arrested. 

In  a  great  many  cases  of  functional  or  hystericai  aphonia 
a  rapid  cure  will  he  eflectt'd  by  this  faradic  treatment,  the 
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|Kiti.-nt  iM-inj,'  .•ncr.ur.m.Ml   f,,  sfMNik  aft.T  tli-  rurront  has 
iK'.'n  tuTiml  on  and  .,ff  tlir.-,.  „r  f„ur  tim.-s. 

AnoflM-r  ssay  of  fn-atinj;  tl...  larvi.x  is  fo  „s..  fwr,  small 
•iiH.;  .■l.Mfro.h-s,  Mi.l  to  l.oM  <„„.  on  .-a.h  si.l..  of  tho  n.-ck 
a.'ai.ist  tho  larynx.  With  fhin  m.-fhod,  ..ifh.T  faradism  ..r 
■  nt.'rrupt...!  fraivanic  sl.ocks  ran  1...  us.-.l  for  sfin.nlatinjr 
Ui.^  Jarynj,',>al  mu.s,-I..s.  and  it  is  somofini-s  us.mI  in  al,<lu.-for 
paralysis  of  fl.r  ronls,  du.-  to  n.Miritis  or  injiirv  of  t|„.  rr- 
riirrcnt  laiynp'al   nerve. 

Ahdurfor  i,a's,f   may  l„-   unilateral  or  l.ilaferal.      \V],en 
u.nlaf.Tal,  it  may  l„.  due  to  a  lesion  .,f  the  nueleus  or  of  tho 
vajius  between  the  medulla  and  the  ju^Milarforan.en.  fron. 
"HMMn.nt.s  or  a  ^M-owth.  or  t.,  a  lesion  of  the  va^u.s  or  n>eur- 
rent   lan-mreal   in   the   ne.k  ;     the   reeurrent  larvngeal   om 
the    eft  s„le  ,s  j,iven  off  from  the  vaf,ms  in  the  thorax,  and 
winds  roun.l  the  aorta,  an.l  therefor.-  mav  he  dama-ed  hv 
'"'    ^'Meurysm    or    m.'diastinal    tumour.     Wla-n    the^va-'o- 
accossory  ,s  .lamajred  at  the  haso  of  the  l.rai..,  or  hv  a  n,.e|ear 
h's.cm  of  the  nueleus  aml.iuuu.s,  the  soft  palat..,'as  well  as 
the  voeal  cord,  is  paralysed  on  the  same  side  as  the  lesion. 
wh.h>  in  recurrent  laryngeal  paralysis  the  vocal  conl  will 
he  paralysetl  alone. 

Weakne.sa  of  tho  vocal  cords  is  a  common  symptom  in 
myasthenm  gravis.     In  this  disea.so  the  muscles  soon  become 
fadgued,  and  whispering  voice  after  a  .spell  of  talking    or 
at  the  <.nd  of  the  d.iy.  is  duo  to  the  fatigue  of  the  larvngeal 
muscles.     St  rong  faradic  or  galvanic  shocks  are  not  indicated 
in   the   treatment  of  myasthenia,   on   account  of  the  ex- 
haustion of  the  muscles  that  can  he  produced  hv  this  means, 
at  all  events  l.y  faradism,  the  .so-called  myasthenic  reaction 
Hysterical  mutism.  -  Tliis  is  a  complete  loss  of  speech 
of  functional  origin,  and  g.-nerallv  unaccompanied  by  any 
paralytic  symj.toms.       It  is  usually  seen  in  voung  women 
of  an  hysterical  tyj.e,  often  as  the  result  of  some  mental 
shock  or  prolonged  anxiety.     It  consists  of  compht<^  loss 
of  all  articulate  speech,  with  preservation  of  the  power  of 


i 


•:^^^m:mm^^i'')i 


HYSTERICAL    MUTISM 


215 


licarinj,'  and  utulcrstundiii).'  cvorythinp  s|)f)k<Mi  or  wTith'ii, 
and  (if  tin-  jMtwtT  of  writinj.'.  ft  is  to  he  (listini.'uisln'(l  from 
liystcrical  apliouia.  ami  from  ajihasia  of  orfjaiiic  origin. 
From  fh<'  fortiicr  it  is.  of  course,  isily  and  at  oncp  distin- 
iruish('«l  hy  flu'  fact  that  in  hysterical  niitism  the  pationt 
is  unahic  to  speak  a  sin<.'le  word,  wlnle  from  aphasia  of 
organic  ori<rin  the  distim  tion  may  1h'  much  mon*  diflicult. 
In  the  mutism  cases  there  will  verv  likely  he  some  history 
of  nervous  shock  or  excitement,  hut  there  will  he  no  si>:n  of 
riiht  hemiplegia,  such  as  is  {ieiierallv  j)rcsent  in  aphasia 
of  organic  origin.  In  hysterical  mutism  there  will  he  })er- 
fect  ahility  to  understand  all  that  is  .said  or  written  ;  hut 
the  aphasic  is  almost  invariahly  unahle  to  write,  and  there 
may  he  ais(»  inahility  to  understand  sj)oken  words  or  written 
charact»-rs  ;  that  is  to  say,  the  aphasic  will  almo.st  certainly 
also  sIkiw  signs  of  agraphia,  and  perhajts  also  of  ale.xia  or 
amnesia. 

Hysterical  mutism  is  especially  likely  to  yield  to  eh'c- 
trical  treatment,  hut  either  faradism  hy  the  wire  hnish.  or 
sparks  from  the  static  machine,  should  he  used  rather  than 
galvanism. 

Larjnigeal  epilepsy,  laryngeal  vertigo,  or  ictus 
larvngeus,  is  a  form  oi  reflex  epilep.\y  which  is  especi- 
ally likely  to  occur  in  the  suhjects  of  hrondiitis,  or  in 
tho.se  who  have  developed  a  stenosis  of  the  glottis  from 
ulceration  of  the  cords,  as  may  happen  after  typhoid 
fever.  The  attacks  are  typical  epile})tic  attacks,  hut 
|)reced<>d  for  a  few  seconds  hy  a  definite  laryngeal  aura 
of  a  tickling  sensation  in  the  larynx  accompanied  hy  a  slight 
feeling  of  suffocation  and  vertigo,  and  they  are  quit<'  distinct 
from  the  laryngeal  crises  of  tal>es.  I  have  seen  the  fre- 
quency of  the  attacks  much  diminished  hy  regular  intra- 
laryngeal  applications  of  faradism  on  alternate  days,  hut 
at  the  same  time,  in  suitahle  cases,  a  course  of  hromide 
should  l)e  given. 

The  sterno-mastoid  and   trapezius   muscles  are 
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S'liian.  a.i.l  l,r,lIow..<l  <,ut.  csiK'nallv  from  iH'lnri.l.  owinu  f< 


thi-    l(,ss   of   flu-   thicl- 


ii<  roinioti   and   o(ri|.iif.     Tlic   davicl 


nius(ul.;r   fx.rtKiri    attach.Mi    to   th 


iiiiid.  and   tlu-  slu.uld.T-hladc  1 


N'   is   now    visildi'    fr 


■IS  f.'llow.  due  to  the  lack  of  the  d 


land's   rather  liijrli,.r  tl 


lan 


fil>r. 


scapula'  and  rlioml»oids.     At  tl 


ownward  pull  of  the  lowor 


and    the    unopposed    action    of    the    levat 


or   an^juli 
le  same  time,  owinj,'  to  tlie 


loss  of  the  niid<lle  fil.res  the  vertel.ral  lK)nler  of 


liana's  furtl 


t\u 


sea 


puia 


tl 
tilted 


KT  out  from  th<-  middle  lin.'  of  th."  hack,  aihl 


!•'  scajiula  apiM-ars  slif/htly  winfred.  the  lower  horder  I 


.einj,' 
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inwards  l.y  the  ])ull  of  the  rh(.mlK)id.« 
'aralysis  and   |M.rmanent   atro})hy  of  the   mi<ldle  and 


low.>r  portions  only  of  tlie  musci 
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e  on  one  side 


tl 
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niav  resu 
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urinji  tlie  process  of  wasting  aft^T  acuto 
injury,  the  electrical  reactif>ns  will  hv  thos."  f)f  d 


us 


neuritis  or 


muscle,  RJ)  of  varying  d.-grees  l,."ing  found.      T 
should  he  giv,"n  hy  daily  a}.i)li.ations  of  gal 
luhil."   method,   th."  in.lilT("rent  electrode   I 


gen."rating 

reatm."nt 

galvanism  l»y  the 

N'ing  {)lac."d   low 


n   ..n   the    ha.k.   using   a    large   round    disc   ."l.-ctnul 


and 


a  cuin"nt  of 


(low 

f<»r  the  kathode  or  treatment  electrod 
7-8  ma. 

In  cases  of  division  of  the  spinal  accessorv  n."rve    elec- 
trical treatment  will  he  of  no  avail  unh-ss  the  divid.".l'n."rve 
has  l,een  sutured.     This  is  usually  not  po.ssihie  after  .livi- 
sjon  of  the  nerve  during  an  oiM.rati<,n  for  th."  ."x.ision  ..f 
tuhercular  glands  in  the  nock,  as  th."  ,>erv,.  is  prohal.lv 
huned  in  a  mass  of  glands,  and  a  large  piece  of  it  is  urohihW 
excised  along  with  the  glands.     If  an  accid.-ntal  stal,  in 
the  neck  has  divided   the  nerve,  th.-n  sutun-  f.,llow."<l  hv 
persistent    treatment    by    galvanism    may    r."»ult    in    rJ- 
covcry  of  the  paralysed  muscle  afu-r  from  six  to  twelve 
muuths. 
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Double  trapezius  palsy  with  afn.phv   is   „ot  un- 

romino,,  ,„  thr  .MMsmlar  .ly.str..,,hi,-s.  in  wl.i.K  (...th  unp.-r 
an.j  luw-r  ,,„rt,ons  ..f  th,-  nn.s.  I,.  ,„..v  .•..,„,,l,.t..K- .lis.pjH-ar 
'•"  l"'th  s„l..s;  l,„f  ul,..n  this  musi,.  lM.....nH..s'affnt,..l  in 
pn.Krrssiv..  spinal  n.us.ular  atrophv  th..  „,,,,..r  ,„.rti..n 
usually  r.-mains  intact  until  lat.-  in  th<.  ,  ours..  ,.f  tlw  .lis.-as.. 
I  hav,.  .,n.M.  s<...n  <„mpl..t..  .h.ul.l..  afn.phv  ,.f  th.-  trap../ius 
fellow  ..p..rati„n  f„r  .  l.-arinj;  .,way  tulH-nular  ^lan.Ls  from 
hf>tii  s|(|..s  of  th."  neck. 

liilatcral  atro],hy  of  tl„.  trap,.zius  .iocs  not  cans.,  falline 
forwards  of  th.-  h..a.l  unl-ss  th..  .onipl.-xus  and  oth.-r  ,h.,.p 
<  .-rvNal  n.us,N.s  atta.-h.-.l  to  th-  ...riput  an-  also  .nv<,lv..d 
as  may  o.cur  in  pro^Tossiv..  muscular  atn.phv.  or  chnmi,- 
mcninj.'itis. 

Sprengel  shoulder  i.s  u  con.lition  of  conK^'nital  mal 
fon,,at.on  of  the  shoulder  duo  to  atro,,hv  or  non-,h.v..|op. 
merit  of  th..  mi.idi,.  and  sometimes  th.>  lower  fibres  of  the 
mus.!..,  causM.fr  th..  an^le  of  t!i,.  scapula  to  iH'come  tilti-d 
iind  to  hauK  furth.-r  out  fn.m  the  medial  line  of  the  hack 
In  some  of  these  cases  there  is  ,,rese„t  ^  b^nv  ju.iction 
l.etw,.en  the  upi„.r  border  of  th,.  scapula  and  the" transverse 
ftrocess  of  the  neighhourinir  vertebra. 

The  hypoglossal  nerve  «up,,lyinfr  the  tongue  muscles 
may  !«.  injured  by  an  operation  about  the  floor  of  the  mouth 
or  the  tonfTuo  may  waste  on  one  side  aft,.r  th(.  performa.ice 
of  a   nerve-anastomosis  operation  for   facial    panilvsis,   in 
whKh  the  central  en.l  of  th,-  divided  facial  nerve  hiis  been 
suture.1  „,to  a  slit   cut  ir.   the  sheath  of  the  hvi.oglossal 
•u-rv.'.     I  have  seen  a  case  of  facial  paralvsis  resulting  from 
nc-rve  anastomosis  which   had  been   done   two  years  pre- 
viously  ,n  which  the  sterno-mastoid  an<l  trapezius,  as  well 
as  one-half  of  the  tongue,  were  waste.l,  though  no  improve- 
ment had  taken  place  in  the  facial  paralvsie.     The  tongue 
also  wastes,  usually  bilaterally,  in  chronic  bulbar  paralvsis 
due  to  an  atrophy  of  the  hypoglossal  nucleus.     This  oc'curs 
as  a  luie  event  in  the  course  of  amyotrophic  lateral  sclerosis, 
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or  )»rfi^n'ssiv»'  Miiis<ulur  atrophy,  in  svrinfiomyclia,  and 
tumours  or  vascular  Irsions  of  tlic  medulla.  Thi'  tonpu* 
apjM'arHsmall  ari<l  wasti-d.  ami  is  nunli  ridjrt-d.  with  fihrillary 
trcm(»ns  ;  whili'  the  p.iticnt  caiUKit  |trf)trud»'  it  Ix-yond  th»' 
tei'th. 

Stimulation  of  the  ton|;u«'  hv  faradism  or  galvanism 
will  show  diminished  muscular  contraitions  to  l»oth  currents. 
One  electrode  may  he  held  in  the  f>atient's  liaml,  while  the 
hare  end  of  the  (ither  wire  is  used  as  the  testinir  electrode. 
Fn  injuries  to  the  nerve,  or  in  other  cases  of  raoid  wasting' 
of  the  musch',  the  reaction  of  defeneration  will  In-  found. 
While  testing.'  with  galvanism,  onlv  a  few  cells  shouhl  he 
us('<l.  suflicient  to  ^'ive  a  current  of  ahout  '■>  ma.  The 
galvai  ir  current  stimulates  the  nerve  en<lin^s  of  the  sen.se 
of  taste,  so  that  an  acrid  metalli<-,  coppery  taste  will  l«> 
noticed  hy  the  patient.  This  is  stronj^er  to  the  kathode 
than  to  the  anode.  This  taste  will  also  Im-  |M'rceived 
when  the  face  is  Iwing  treated  for  facial  paralyses  hy 
pdvanism. 

In  myasthenia  pravis  benefit  may  sometimes  follow  per- 
sistent treatment  of  the  tonjrue,  palate,  and  ])harynj;eal 
nmscles  with  galvanism,  in  tho.'^e  cases  in  which  the  hulhar 
symptoms  of  weakness  are  |)rominent.  In  this  <li8<'ase  there 
is  usually  no  recognisahle  wastinjj  of  the  tongue,  though 
there  may  he  considerahle  weakness  of  the  uj)per  and  lower 
facial  mu.scUs.  In  chronic  l)ulhar  paralysis,  due  to  nuclear 
lesions,  there  is  almost  always  j>aralysis  and  wasting 
of  the  orbicularis  oris  together  with  the  .irophy  of  the 
tongue.  In  rare  ca.ses  of  chronic  bulbar  pal.sy  there  may 
be  also  great  weakness  of  some  of  the  upper  facial  mu.scles, 
the  orbicularis  ])alpebrarum  and  the  frontalis.  Daily  in- 
creasing injections  of  strychnine,  with  persistent  galvanism, 
may  occasionally  cause  marked  improvement,  though  in 
the  common  type  of  dironic  bulbar  paLsy  wtjuent  to 
anm»trophic  lateral  sclerosis  I  liave  never  seen  galvanism 
to  Ih!  of  the  slightest  8«frvice. 
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Bu n.ar  symf.ton.s  without  muHcuIar  wasting  mav  also 
ovrur  from  Hy,n,n..tri,.al  l..sio„„  .,l,ov..  tho  n.-Iulla.  in  th. 
I".n.s.  crura  .•••n.l.ri.  int.n.al  ..ajsuN..  or  <.f  t|...  „,ot,„ 
.-rt<-x.  h...  ,.o.ui,tio„  is  11...,,  k,.<.w„  as  ,>.s..u,lo.|,uM,ar 
palsy.     hl.Ttncal  tr.'atnx.nt  is  of  „o  l«.n,.|it. 


Iff 
III 


rHAITKH    VII 


GALVANISM  {continued) 

I'KUIPhKKAL  OR  Ml'LTIPLE  NEIRITIS 

With  the  exception  f»f  lead  neuritis,  which  is  priictically  a 
motor  neuritis  and  confined  to  the  up|)er  extremities  alone, 
multiple  neuritis  is  most  commonly  due  to  chronic  ]>oison- 
inp  with  alcohol.  It  is  a  fairly  common  seijuel  to  diph- 
theria, sometimes  to  dialK'tca,  and  occasionally  to  arsenical 
pf)isoninp,  rheumatism,  septica-mia.  an<l  other  fevers.  In 
tropical  countries  multiple  neuritis  occurs  after  l)<»ri-lK»ri  and 
malaria  {.see  p.  l.VJ).  It  is  thus  always  due  to  some  cir- 
culating to.xin  or  infective  process,  and  the  nerve  lesion  con- 
sists of  a  prinuiry  parenchymatous  dejjeneration  of  (he  axis 
cylinders.  The  condition  is  usually  acutv  (tr  subacute,  hut 
alcoholic  neuritis  may  Ix'come  aln'ost  chronic,  as  the  dru^ 
is  continually  renewed  after  each  jM-riod  of  force<l  ahstin- 
ence  and  the  .subsequent  im])rovement  in  the  symptoms. 
Lead  neuritis,  in  the  larjie  majority  of  cases,  is  purelv  motor, 
neither  pain  nor  muscular  tenderness,  nor  trophic  svmp- 
toms  in  skin,  nails,  or  joints  apywarinj; ;  painful  cram|)H  in 
the  muscles,  es2)ecially  iit  the  calves,  are  not  uncommrm. 
In  most  other  forms  of  pei  ijdienil  neuritis  the  infhimmation 
of  the  nerves  is  of  mi.xed  tv|)e,  motor  as  well  as  sensory, 
though  often  in  post-diphtheritic  and  sometimes  in  arsenical 
and  in  dialx?tic  neuritis  the  symptoms  are  almost  entirely 
.s'^nsory  ;  numbness  and  aufpsthesia  of  the  lef;s.  with  ataxic 
jzait.  are  often  prominent,  with  little  or  no  evi(h'nce  of  mus- 
cular weakness  or  foot-drop,  so  that  these  cases  have  eanjed 
the  title  of  "  psejjdo-t4iV>es,"' 

Treatment.— In  the  acute  stage  of  multiple  neuritis, 
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wlirn   fh.fv   i.   niiirli    |Kiiii   aii<l   t"ii(|.Tii.'ss.   it    will   not    Ik- 
a.lvisiil.lr  In  .rniiloy  ^'iilviinisiM  in  f||,.  treat riK'Ht  iiii|..s.s  it  is 
j.os,si!.|..  to  apply  if  ill  th,.  form  of  tli..  ffalmiiir  ,-h;Jru-  t»tlh. 
\\\  flir  most  afiitf  casfs  tli.-  pain  and  }iy|MTii'.st|i..sia  may  I..- 
M.  itifnisi'  as  to  n.Tfssitatc  wrapping;  th.-  liiiiLs  in  cotton- 
wool,    irntil  this  .'x.  ••s>ivf  t.-ndrnK-ss  j.ass.s  (.fT,   no  j;al- 
vanism,  massif'.-,  or  stryiliMin<'  injections  will  Im-  tolerated. 
Fii  the  less  severe  cases  L.th  niassajic  and  H'llvanisni  may 
I"'  employed  daily   from  the  c«.mmen<ement  ;    the   lal.ile 
method  of  applying  the  current  should  Im"  used,  the  indiffer- 
ent electrode  heiliy  lix.-d  to  one  of  the  liml.s  to  Im-  treated, 
and  the  kathode  heiny  used  for  the  active  eh-ctrode,  em- 
ploying a    larp'    padded   disc   ele.trode.    with   a  current   of 
<i  S  mn. 

Care  is  necessary  in  many  cases  of  multiple  neuritis  to 
jirevenf  <ontractures  of  the  hamstrimrs  and  f;astro<nemii, 
from  the  l.-ys  remiinini,'  constantly  Hexed  anj  the  feet' 
dropp..,!.  Passive  movements,  regularly  applied,  will 
c«)unteract  this  tendencv. 

(KCITATION  XKI  ItosES 
Various  forms  of  fatigue  sp;isms  are  met  witii,  the  com- 
monest of  which  is  known  as  "  writer's  cram]),"  or  "scriv- 
ener's palsy." 

An  occupati(m  neurosis  (h-clares  its<-lf  mainly  l.y  four 
symptoms -spasm,  weakness,  pain,  and  tn>mor— the 
symptoms  heing  referred  especially  to  the  part  of  the  limb 
or  l)ody  which  is  concerned  with  the  repeated  movement 
of  the  particular  occupation.  Thus,  in  Writer's  Cramp  the 
spa.sm  afI(H-ts  particularly  the  small  muscles  of  the  hand 
moving  the  thuml*  and  index  finger,  so  that  the  |M'n  or 
pencil  is  held  with  increasing  diOiculty  and  is  either  dropped 
or  foned  tlirough  the  paper  hy  jerky  m..vements.  At  the 
same  time,  the  hand  is  tremulous  in  writing,  and  neuralgic 
pain  is  c..iiiplained  of  in  the  wrist  and  forearm,  especially 
the  front  of  the  wri»t  and  near  the  elbow,     Thef ;  syu.^jtoms 
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ill  true  wrifi'i's  cnmip  an-  only  iioticciihlr  tliinn^  tin-  art  of 
wrifin^,  thf  liaiid  aixl  liiiili  lM'iii>r  pfrfiTtly  normal  for  otlwr 
niovciiifiit.s.  'I'lif  <lis<'aHi'  is  iiiori'  likclv  to  dislan'  itself 
in  a  in'urotir  siilij<>i-t,  with  a  family  iHTtMJity  for  n«TV<ius 
ailiiwnts,  as  liystt-ria.  •■pilrpsy,  iiisinify.  t't<-.  It  is  most 
cftmnion  in  those  who  have  loiiv'  hours  of  <'raiii|H><l  •*ritiii)( 
to  do,  as  in  lawyers'  rlerks,  rather  than  in  those  who  cul- 
tivate a  free  style  of  writing,  as  reporters. 

Kxcitinjz  causes  that  are  usually  present  are  domestic 
worry  ahout  money  afTairs,  iflness,  and  other  family  tniubles. 
It  is  often  precipitiited  l>y  some  l(Kal  disease  affectinn  tlu' 
arm,  as  musiular  rheumatism  due  to  a  draught  hlowin^ 
from  an  ojm'ii  window  on  the  rijjht  side,  periostitis,  or  even 
the  commencement  of  some  firpmic  spinal  fliseuse.  as  pro- 
gressive muscular  atntphy  or  syriiijiomyeliu.  Or,  apiin, 
the  |ip>l>  may  l>e  ctnijjenitally  weak  from  some  such  cause 
as  an  infantile  hemiplegia,  or  a  slight  attack  of  infantile 
[)aralysis  in  early  cliildhood.  In  the  treatment  of  writer's 
cramp  it  is,  therefore,  mcvst  necc.s.sary  to  iiupiire  clo.sely 
into  tlie  onset  of  the  affection,  and  Ufit  onlv  to  examine  tlie 
limli  itself  for  any  signs  of  local  disease,  hut  also  to  examine 
the  nervous  .syst«'m  thoroughly  for  any  signs  of  grave 
organic  disea.se.  If  any  such  local  or  general  cause  is  found, 
the  treatment  must  Ik"  in  the  main  din>cted  towards  its 
cure,  if  possihie,  though  at  the  s;ime  time  rest  for  the  limit, 
and  perhafis  electric  baths,  may  Im'  iM-neficial. 

Treatment. — In  the  treatment  of  ordinary  writer's 
cramp,  ah.solute  rest  fntin  writing  is  the  essential  part  ; 
while  daily  ma.ssage,  galvanic  arm  baths,  and  if  jMi.ssible 
a  change  of  air  and  scene,  with  a  complete  rest  from  busiiiesH 
and  other  worries,  will  help  in  completing  the  cun\  In  the 
slighter  cases  adoption  of  a  different  |M'n  and  style  of 
writing  may  arrest  the  progress  of  the  disonh-r.  or  if  the 
patient  cannot  leave  his  Imsiness  it  may  Im*  p<;ssible  for  him 
to  perform  most  of  his  writing  with  his  left  hand.  Electrical 
treatment  alone  of  occupation  neuroses  is  almost  certainly 
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thxmml  t..  f.iiliir.- ;  |,iit  in  .  onjuiu  ti.m  with  thr  tn-at- 
riuTit  oiitliiird  alxivf  various  forms  of  .•l.'(tri«Hl  tnatmi'iit 
tnay  Iw  of  stTvirc. 

Other  occiipafioii  iifun  s-s  that  arc  rii.'t  with  an-  UAv- 
praphist's  rranip.  piaiui  and  viohn  [.layer'n  .  ranij..  haMini.T- 
man's  .ramp,  and  many  iKsidcs.  ( V.s.siiti<)n  of  th.-  ].arti.;u- 
hir  «K(  iipation  is  essential  for  thrm  all. 

I'her.-  is  another  form  of  writer's  cnimp  met  with  in 
rxressively  iieiin.tir  individuals,  in  which  the  muHnjIar 
Hpasm  and  inal.ility  to  write  an-  most  inarke<l  at  th<'  com- 
MH'n.ement  of  th.-  (hiy's  work,  or  if  anyone  not  jwrfeetly 
familiar  t..  fheni  is  n.-ar  or  wat.hiiij:  them.  This  is  n..t  ii 
fitin\w  spasm.    I.iit    a    hal.it    spasm,   or   tie.   and    has   l.een 

"ill<d  " pseudo-writer's-cramp."    r  have  seen  this  form 

as.so<iated  with  morl.id  xhas  of  .H.-|fr.,nsiiou.sne.s.s  and 
mental  depre.ssion,  Sywh  ra.s.-s  re.pnre  p-neral  moral  tonie 
tn-atmenf,  sometimes  W.ir-Mit.  hell  treatm.-nt,  change  of 
Hcrne.  etr.,  rather  than  ce.ssation  from  writing,  mas.safie,  and 
galvanism  to  the  arm. 


SI'ASMODIC  ToIMUOLM.S 

Or  spasmodic  wryne.  k.  is  :i  form  of  s|)asm  cicsely  allied  t<. 
th."  occupation  neiiro.s-s.  Inde.d.  the  spasm  turning  the 
head  t4.  »»ne  side  may  he  (»riginated  l.y  the  constant  rej)eti- 
tion  of  one  movement,  us  in  drawiii);  a  thread  throujih 
leather,  swinj;ing  a  riveting  hamm.'r,  etc.  The  condition 
is  to  he  distingui.shed  from  wryneck  due  to  organic  cau.se.H, 
such  as  rlieumatic  lil.rositis  of  th,"  neck  muscles,  cervical 
carie.s,  enlarged  glands.  In  these  cases  the  neck  is  fi.xed 
in  one  ]K)sition.  and  there  is  usually  (h-hnite  i)ain  (.n  move- 
ment, while  in  spasmodic  torticollis  the  neck  twist  is  usuallv 
a  clonic  .spjism,  and  though  perliaps  distre.s,Hing  through  its 
fre.|uency  and  intensity,  yet  the  spasm  cann«»t  Ih«  .said  to 
l.e  actually  painful,  ft  is.  in  reality,  a  h.rm  of  tic  or 
hahit  spasm,  and  is  a  morl.id  reiteration  of  a  movement 
originjilly  voluntarily  prform.a  cither  on  account  of  »ume 
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|MTi|»IuT.tl  iiril.ifinn.  or  on  arroimt  of  (Irffitivr  vision  of 
flu-  I'Vi'  oil  til, it  siilt",  or  for  s<»nn'  Himil.tr  p-jihoii.  (ViiiHtiiiit 
rr|M'tifion  of  tin-  inovcnu-iif.  flmiiu'li  fiitin'Iv  voliuif.irv  at 
lirHf.  j»rinlually  lnroincH  mop'  ami  inon-  iiiitomati  it  last, 
in  ri'sjionsf  to  tlir  itli-a  of  flu*  iiiovcniint,  mo  that  tlii>  Mjiasrn 
Im'comm's  riofoiiH  in  dinri't'  a.s  the  voluntarv  inliilntion  is  w  itli- 
•  Irawri.  Tliiis  tin'  s|»asnis  an*  ii.siially  worsf  when  the 
patifiit  is  alone  or  iiiiolis'rvffl,  ami.  iiitlifd.  tin-  patient 
may  have  din'triilty  in  iletiioiistratin^'  tin-  iiiorhnl  eonilition 
to  tlif  mediral  attendant. 

SpasiiioUic  tortieollis  is  more  freijiieiitlv  towards  the 
left  side,  and  ronsists  of  clonic  sp.isnw  of  the  riy:lit  sterno- 
liiastoid,  usually  in  asso.  iation  with  the  left  ii|i|mt  ti:'ite/.iiis, 
8p!eiiiiis,  comjilexiis.  trai  h«'lo-iiiasfoii|,  and  olilnpie  miisrlis. 
Occasionally  the  liead  is  turned  to  the  rij/ht,  and  th'-n  the 
left  stenio-masfoid  with  the  ri^;ht  posterior  cervical  muscle 
will  Ix'  concerned  in  the  faulty  movement.  There  are  p-nei  - 
ally  to  he  found  in  the  p.itient  other  niyiLs  of  nervou.s  in- 
stability, deficient  will-power,  hysteria,  or  other  hereditary 
neurosis.  Kcholaliii.  or  the  impulsive  repetition  ahiud  of 
words  or  sentences  just  spoken  either  l>v  tlu^  patient  or  hv 
those  around,  is  a  curious  psychical  s\  inptom  sometimes 
(.■omliiiied  with  spasmodic  torficojlis. 

In  the  treatment,  any  peri|>her.il  cause  f.ir  the  (»ri),rina- 
tioii  of  the  movement  must  he  attended  to,  and  rej;ular 
exerci.ses  of  the  head  and  neck  miisrles  should  Im-  performed 
daily  In-fore  a  mirror,  ^[assa^'e  to  the  alTected  miiscli's,  and 
also  galvanism,  may  do  .some  <_'o<Mi.  In  cert.iin  ohstinate 
ea.ses  where  the  spasm  is  only  to  one  .side,  with  little  or  no 
l)ilateril  retrocollic  upasm,  (li\ision  of  the  spinal  accessory 
nerve  on  one  side,  with  division  of  the  posterior  branches 
of  the  four  upi)er  cerviial  nerves  on  the  other,  may  effect  a 
cure.  Relapse,  on  the  other  .side,  is  unfortunately  some- 
times met  with. 

(nilvanism  should  h**  app'lied  a«  a  constant  current  of 
3  to  t  ma.  to  the  })ack  of  the  neck  and  to  the  sterno-mastoid 
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an<.(t.-.l  l,y  the  ..|,...rii.  Tli..  [...sitiv  i,,,!,-  sIk.uI.I  \,r  iippli.d 
<.v.'r  the  niuscl.'  h  ^r  its  insertion  int..  the  clavicl..,  usin^  a 
round  disr^  ..l.-.t,,  ,|,.  !»  i,„.i„.s  a.n.ss  :  whil,-  th..  n^-^iithc 
('Icctrod.',  as  a  flat  ,,lat.-.  is  apphrd  U>  the  nap.'  of  th.'  iK'ck. 
Th.> .  iirn'nl  slionl.l  1..'  applied  twic  a  day  for  (ift....n  minutes 
at  a  tini.-.  and  at  the  sum.'  tim."  u.-ntj,.  fa'radism  of  the  oppo- 
site st"rno-m  istf.i.l  will  usually  iiicr.'ase  th.-  jrood  effect. 

1{AVN,\II)-S  DISKAf^K 

TIjis  is  an  .'xtreme  form  of  vas'>-motor  tropho-n.-urosis 
or  (h-fe.t  ,'e  (•ireulati..n.  th.-  :,li;.rhter  forms  of  which  arc 
f.. miliar  t..  us  as  ./.W  /in^jrrs  and  efuMnns.  In  liavnaud's 
disease  th.-  extn'miti-.s  l.e<.,m.>  cold  and  l.lu,-.  an.l  loss  of  tissue 
from  small  j.atches  of  isau^u'w  are  of  not  unfn'.|u.'nt  occur- 

'■•'"•'•'  "'""^'  '!' h^'^  "f  the  .'ars  and  the  pa.ls  of  th.'  fnifrers. 

Occasionally  larj^.-ranMs  of  ...-.•rosis  an-  seen  involvin^r  „„,.  or 
m..r..  nnjjer  or  toe  jr.ints.  an.l  ..v..r.  the  wh..|e  foot  may  he 
lost  al...ve  tn-  ankle  in  this  way.     The  condition  is  usually 
more  or  l.vss  symm.-trical.       There  is  irm.-rallv  littl.-  or  no 
pain,  th.-  s-nsati..ns  h.-in^  mor.-  of  numhn.-ss  an.l  .l.-a.lne.ss. 
liiynau.I's  disease  is  to   be  <listin^'uish.-.l  fr..in  .'hronic 
ergotism,  fn.m.-rythromelal^ia.an.l  from  l...-:il  asphvxia  and 
c-yanos.s  <hie  t..  .-n.larteritis  an.l  p,.ri[,h.-ral  n.-untis.     It  is 
also  possil.l,-   that   the  .yanosis  .,f  the  extremiti.-.s  due  to 
nm^'.-Mtal  heart  dis.-as-  mi^ht  !,.-  mistaken  f.,r  it    ..r  the 
l>Iuc  j.iirm.-ntation  due  U>  silver  poisonin^r,  or  to  th.-  takinj;  of 
im-thyl.-ne    hlu.-   or   a.-.-tanili.l...       In    ervthn.m.-Ial^-ia    the 
ufTecte.l  extremity  swells   up  an.l    h.-com.-s   hot  and   livid 
with  sv.-..llen  v.-ins  wh.-n  the  liml.  is  hun^'  ,h,wn  fo-  u  few 
minute.;,  thou^rh  th.-r,-  may  l,e  little  or  nothing  ahnormal  to 
»H'  s-.M-n  when   th.-  lin,},  is  kept  rai.s-d.       Th.'  pain,  too,  is 
then  throhl„n«  and  sev.-re.     These  two  points  .s.-rv,-  to  dis- 
tinguish  It    from   K aynau.l's  .Ji.sease,   and   it   is.   moreover 
usually  associated  with  lo.al  .-n.lart.-ritis,  neuritis,  or  .some 
spinal  .li.ease  as  tal  -s  or  disseminated  .s;-I..ro.sis 

Treatment. -Raynaud's  di.s-.-a.se   is   best    treated   with 
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ron.sNinf    curnMit    ^iilvanic    l.atlts    ^iv.-n    .l.iily.    tlu'    liml.s 
JM'iti^  carefully  kept  covcn'd  and  warm   in   tin-  int.-rvals, 
in  the  winter  time  loose  ^lov»•s  Itcin;.'  cotLstaritly  worn.     The 
l»atli.s  may   i)e  either  full  Imlroeleetric  fjalvaiiic   haths,  as 
already  d<-s'ril»ed.  or  the  ajtidications  may  Ix'  local  l.v  means 
of  arm  haths  or  foot  liaths.     [f  more  than  one  limit  requin's 
treatment,  the  current   may  l»e  |)ass"d  thron>:h  the   IkkIv 
of  the  patient  from  one  arm  hath  to  the  f.ther,  as  in  the 
four-cell  Schnee  hath.     'I'Ik^  current  should   not   1m-  inter- 
rupted, hut  should  he  i/iven  continuously  for  twentv  minutes 
at  a  time  daily.     If  only  one  arm  retpiires  treatment,  the 
limh  should  1k'  placed  in  an  arm  Imth,  with  tin'  fori'arm  im- 
mersed up  to  the  elliow,  the  liniiers  just  reaching  the  elec- 
!ro(h'  at  one  end  of  the   h.ifh.     Ahout   .;(»  ma.  of  current 
should  1m>  used,  of  which  it  tnay  he  reckdiied  that   l(t  ma. 
are  afTectinj:  the  forearm  and  hand,  the  rest  passinj,'  U-tweeii 
the  electrodes  throu).'h  the  water  oidy.     If  hotli  arms  re- 
quire treatment,  t.vo  arm  haths  should  1m-  useiL  and  one  elec- 
trode dipped  into  one,  and  the  other  electrode  into  the  other 
hath.      Then,  with  hoth  forearms  immersed  in  the  water, 
the  current  should  he  turned  on  gradually  until  lo  ma.  of 
current  are  re<ristered.  and  allowed  to  run  for  twentv  minutes. 
The  arm  which  has  the  jxisitive  electrode  in  th"  hath  one 
<lay  should  have  the  nejjative  electrode  the  ne\(  dav,  and 
nci'  rersn.     Xo  acid  or  .salt  should  he  jmt  in  the  water,  since 
thi;5  addition  diminishes  the  resistance  of  the  water,  and 
therehy  wastes  more  current* 

.Vn  ordinary  tialvanic  hattery  of  eiehteen  cells  will  Ix- 
quite  easily  capahle  of  supplying  the  |o  ma.  of  cuirent 
hetween  the  two  arm  haths  if  the  cells  are  drv  cells  and  new  ; 
hut  if  oidy  ii  single  hath  is  us<'d,  with  hoth  the  electroch-s 
dipping  into  the  water,  it  will  he  ratln-r  too  gn-at  a  strain 
on  the  small  cells  of  an  onlinary  dry-cell  hattc-ry,  since  thev 
will  he  supplying  current  three  times  as  fast  as  in  the  former 
cas'.>,  and  will  therefon  1h'  wrrn  out  ninn-  <}uiek!y.  A.s  an 
iilternative,   one   large   plat«  electrode,   well    coven-d   with 
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<lanh..|  oroth.-r  w.-tt,-.!  ni..f"ml.  may  i.c  wrapp-.i  luu.i.I  the 
•ipiMT  an.,  al.ov..  fl„.  I.nvl  ..f  fli,.  wat.-r  i.i  tho  l,,th,  nuc 
'"■Hi},'  t  .kr..  tl.:.t  f|„.  ,.|,.,.tnM!,.  ,i,„.s  ,...t  f„uch  the  wat.T 
af  all.  Tlicii  ali  tli.-  ciinvnt  flia.  is  iis<'<J  is  (■(.M}ii.r«l  t..  th.' 
f  issues  .,f  »|„.  fon-ar...  if  only  tl.,-  ImiuI  is  .lipp.-d  in  fl...  xvnU-r 
with  th..  ofh.T  .-I.Mtr.Kh..  If.  In.w.v.T,  th.-  f(.r..arni  l,e 
<'"r,.pl.-t..|y  ph..m..,l  in  th.-  wat-r.  and  th.'  .-l.-ctr...!,.  aj>,.h..(l 
to  Hi.'  .ipp.wan.,.  ninst  of  th-  .iim-nt  is  dissipat.'.l  int..  th.' 
watrr  in  th-  .vuion  of  th-  v\\,n^v,  an.l  .I-m-s  not  afT.-ct  th.^  1.,\v.t 
fMrt  .,f  th.'  ^Mrvarn.  a.i.l  han.l  unl.'.ss  ,i,.;,rK-  ^.^  ni.i.'h  r.im'nt 
IS  ns.'.l  as  uh.'n  I.oth  th-  .•I-.tr...h..-  aiv  .lipp-,i  jnf,,  th.- 
wat.T,  on.'  at  -a.h  .....1  of  th-  l.ath.  Krythn.ni.'Ial^'ia  mav 
!.-  also  l..'n-flcially  tr.'at.'.l  hy  this  ni.'an.s. 

<  MILIW.AINS  (KllVIHE.MA  ri;i!\I()> 

rhill.lains,  on.'  of  th-  .■iiviihit..ry  troph..-n-.ir..s.'.s.  is  a 
.......lition  s<,ni.'wliat  alii..l  to  dead  fwjrrs  an.l  Kavnau.rs  <li,s- 

.■as...  but  pro.l,i-..s  .liiT-i-nt  -ffc-t.^.  Th-r-  is  nior.'  swlling 
an.l  it.hini/  an.l  l-.ss  ,yan.,sis  than  in  Kavnau.rs  .li.sf.as('' 
f..II.nv...l  l.y  p-lin-  of  th-  sk.n.  :.n.l  m  l.a.l"  .-a.st.s  l,y  .rack- 
ing' an.l  l.h..-.linir  of  th-  skin.  Thonyh  th.T.'  is  n-v.-r  .r.ni- 
j:n'n.'  as  a  r..s„lt.  th-  ..fh  -t  of  th.'  t.-mporarv  n.aln,.tri''ti.,n 
<»n  th-  tiss.i.s  IS  .s..-n  upon  th.'  nail  as  it  .shmlv  ^n.ws  for- 
wanls.a  .h'.'j.  fiim.w  .•onvsp.,n,Iinir  to  th.'  .lat.-  of  th.^  chil- 
I'lain,  an.l  shouin-  its  .'ir.-.i  „pon  th..  nutrition  of  th- 
niatriv  of  th-  nail. 

Treatment. -V;,rioiis  i....tho.Is  .,f  tr.'atm.M.t  hav..  U^-n 
a,lvo('at.'.l  for  chilMains.  o,.,-  of  th.'  .„or-  r.'.vnt  l.,.inL' 
tho  administration  .d  .al.inm  salts  W  th,.  m.M.th.  ..n  the 
supp...sit.on  that  th.'  iMll;,mmal..ry  sw.'llin^r  ..f  th..  .■hilhlain 
IS  an  ..Mh.ma  d..p.'n.l..nt  up..n  a  diminish.'.l  ]).Tf.'nta«-  of 
.•ah'mm  salts  in  tli-  ].h,od.  Som.'  <as.s.  un.h.ul.t.'.ilv.  do 
iM'n.'tit  l.y  this  tr..atm..nt.  hut  .'..rtainly  not  all.  J,-h"thy„l 
l-y  th-  m..uth  has  als..  l,-,.n  strongly  a.ivo.Mt.'d.  rn.l.aJ.ly 
th.'  most  .-fT..,tiv.'  an.l  n-liahl-  trvatm-nt  is  l.v  ?,!r;:!!H  of 
fh'ctri.ity.     A  v.'iy  ..|ii-i-nt  m.'lh.ul.  if  l..'^nin"suni..iently 
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early,  hcforc  the  cUillilains  liavc  r.-ai  ht-d  tin-  orackt'd  utul 
l>I<M"»li!ij,'  staj;<',  is  U>  us.'  ((.iiiLiiicd  furailism  ami  jralvariism 
in  arm  and  foot  baths.     A  larj,'.'  t-l.-ctrod.'  attached  to  tlie 
positive  pok'  should  he  wrapped  round  the  arm  over  the 
elhow,  and  the  hand  placed  spread  out  in  water  over  another 
pad  eic;tro(h'  attached  to  the  kathode.     The  constant  cur- 
rent sluuild  then  lie  turned  on  until  the  galvanometer  indi- 
cates r.  ma.,  an«l  th.-n  the  faradic  coil  current  should  he 
turned  on  jiradually  until  the  niusilcs  an*  gently  tetaniscd. 
It  is  to  he  rememhered  in  administering  cond)ined  gal- 
vanism and  faradism  that  the  galvanic  and  faradic  batteries 
must  he  coupled  up  in  series  {see  p.  '2 1) ;  that  is  to  say,  that  one 
pole  of  the  faradic  battery  is  to  be  conneited  with  the  pole  of 
oi)posite  sign  of  the  galvanic  battery  ;   while  tlie  wires  lead- 
ing U)  the  eIectro(h's  for    treatment  are  attached    to    the 
twf)   remaining  l)inding-s(  ivws.  one  on  the  faradic  battery 
anu  the  other  on  the  galvanic.     In  combined  batteries  pro- 
vi(h'd  with  a    le  Watteville  switch  so  that  either  current 
or  both  can  be  led  out  of  the  same  pair  of  binding-screws, 
the  battery  should  always  be  tested  after  being  sent  home, 
as  the  instniment  makers,  -ven  when  skille<l  eh-ctricians, 
do  not  always  jiay  attention  to  this  point.     For  instance 
Hupj)osing   the   l)attery   were   originally   (itteil   uj)  with   wet 
i.eclan'-he  cells,  and  the  two  cells  for  driving  the  fara<li«; 
coil  when  exhausted  have   been  replii<cd  by  drv  cells;    it 
will  tlien  be  necessary  to  reversi-  the  wires  connecting  the 
poles  of  the  cell.s,  as  with  dry  cells  the  centre  rod  is  carbon 
and  the  outside  case  is  zinc;,  the  reverse  arrangement  to 
that  in  some  wet  cells,  while  other  wet  cells  have  the  zinc 
placed  outside  the  carbon,  as  in  the  dry  cells. 

Faradism  has  a  better  elfe.t  on  chilblains  than  has  the 
direi^t  current,  and  is  more  pleasant  when  given  in  a  water 
bath.  The  effect  of  the  soaking  of  the  skin  in  water  is  not 
good,  liowever,  especially  in  cold  weather,  in  tho.se  ]»ersonM 
with  !:;td  circulations  who  are  jiabir  to  chiiblain.s,.  and  it  in 
therefore  preferable  to  use  a  h.rm  of  e!e(  trie  treatment  in 
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vvl...  I,   ,m.iHt,.„in^.  of  ,|„.  skin  is  not  nr,...ss..n-.     For  this 
r-aso,.  tr,.atn.,...t  l.v  l.i.|,  f,v<,,u.„.y  ..um-r.ts  is  pr.f.tM' 
usM.g  vacuum  H,.<.tro.l..H  ou  th.  ron.l.us,.,-  .ouch,  the  vacuum 
••l«'«tnKl,.s  hcinj;  „|>|)hc<l  |o,,,llv. 

GUA YES'S  DISKASE 

K.xophfhaln.ic    jroitrc.    or    lias-dow's    .lis.as-,    as    it    ,> 
na'n...i  ou  the  Continent,  is  partly  a  neurosis    an.l  partlv 

.iue  to  faulty  met, lism    from    excessive  hvperseeretion 

of  ^he  thyro,. Urlan,!.  The  three  n.ost  important  svmptoms 
are  tachycar, ha.  e.v.phthahnns.  an.l  p>itre.  In  "a.hiition 
-stam.K  <'yes  .luc  to  retraction  of  the  upper  evehds,  tre„,ors 
Hashes  and  sweats,  von.itin..  diarrho-a,'  amenorrh.m' 
''""''"•'1-  P>^"nenta(ion  of  the  skin,  in.somnia.  and  other 
".'urasthen.c  sym,>to,ns.  and  even  mania,  mav  supervene. 
K:.reiy,  son.e  of  ,he  .sy.npton.s  n.ay  be  unilaterai.  su.-h  as  the 
Ko.tre.  the  exophthalmos,  the  flushes,  sweats,  and  pi^menta- 
<on.  iho  .l.scase  ,s  v.-ry  uncomnu.n  in  men.  hcin^  usuallv 
im.ted  to  ynnu.  ,vomen.  ^r,.„,r,|K.  ..ommencinj,  l„.tween 

wenty  an,     thirty,    though  it  has   1 n    n.ct   with   under 

twenty.  J  hen-  ,s  often  a  history  <,f  mental  shock  or  worrv 
sueh  .  s  .mrsin^  a  si<  k  relative  ;  an.l  there  is  often  a  hi.storv 
of  ..ther  neuro.s,.s  in  the  s^ime  fan.ily,  such  as  torticllis  of  the 
sp:ismr..l„.  typ.  or  -  (orticolis  mental  "of  Rriss.ud,  epilcpsv 
•ns:unty,  or  mifrraine.  The  .liseas.  is  often  verv  resista„; 
to  treatment,  an,l  may  continue  for  several  v.-ars  ().,..,- 
s.onally  atrophy  of  the  thyroi.l.  with  all  the"svn.,,ton.s  of 
ni.vx(ed..ma.  has  followed  some  v.-ars  later.       " 

It  is  not  every  case  which  pr^.sents  all  the  tvpical  svn.p- 
on,s  as  dcs..rd.ed  a  hove.  The  nu  s.  easily  recognised  sVmp- 
tonj  IS  the  staring  eyes,  due  to  the  retraction  of  the  u,>per 
•T.-lHls,  thus  exposing  the  white  sclera  around  the  cornea 
I  tins  sympton,.  descnhe.l  hy  Stellwag.  von  (Jraefe.  and 
others.  ,s  absent,  as  sometimes  happens,  the  diseas-  mav 
easily  1...  n.istaken.  The  most  constant  svn,ptom  is  the 
tachycardia,  and  crtain  cases  present  the  svmptom  <.f  per- 
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sistf'nt  tiul.ycarrliii  without  any  ocular  symptoms  or  goitn- ; 
and  •'(•t  from  the  history  of  thf  onset,  with  tlic  j)ri>st'nr(^  of 
other  neurasthenic  symj)toms,  thishcs,  sweats,  etc.,  it  is 
prohahh'  that  these  cases  are  to  he  cla.s.se(l  in  the  same 
yroup  as  Gr.ive.s's  (lisea.sc,  and  they  are  sometimes  spoken 
of  as  "  larval  (Iravos's  di.sease." 

Treatment. — The  treatment  of  fJraves's  disease  may  In; 
;;rouped  under  four  headin<;s  : 

1.  (Jeneral  mana^'emeiit  of  the  ca.se. 

2.  Drug  treatment. 

.'J.  Oper.ition   for  removal  of  the  thyroid  gland. 
J.  Eh'ctrical  treatment. 

1.  The  (jeneral  manaijement  of  a  case  of  CJraves's  disea.sp 
is  perhaps  the  most  important  j»art  of  the  treatment.  Rest, 
hoth  physical  and  mental,  is  essential,  avoidance  of  worry 
and  excitcmeri'  and  regular  hours.  Quiet  country  life,  with 
ganh'ning  as  an  cHcupation,  an  hour's  rest  liefore  lunch,  and 
Imlf  a  mile  as  the  limit  for  a  daily  walk,  should  Iw  the  line 
of  treatment,  if  possible,  for  a  year  or  two.  If  the  tachy- 
cardia, dyspnttsa,  and  other  .symj)toms  are  sevcro,  completo 
r«>st  in  hed  or  on  a  long  couch  must  Ik-  insisted  on  for  several 
weeks. 

2.  The  drugx  that  are  usually  employed  in  the  tn'atment 
of  this  disea.se  are  digitalis,  helladonna.  and  hroniides.  More 
recently,  on  the  suggestion  of  Moehius,  a  drug  named 
antithf/roidin  has  l)oen  employed.  This  is  prepared  from 
the  serum  of  sheep  whose  thyroid  glands  haver  In'en  jire- 
viously  removed  hy  operation.  I  cannot  say  I  have  seen 
any  particular  Itenefit  follow  in  cases  in  which  I  have  used 
it.     It  is,  moreover,  costly. 

.'5.  Removal  of  the  whole  or  part  of  the  thyroid  gland 
has  Wen  many  times  performed  in  an  attemi)t  to  remove 
what  was  thought  at  one  time  to  Ik-  the  st>le  morliid  process 
of  the  disea.se,  namely,  hyiM-rsecretion  of  the  thvroid 
gland.     Di.sap]>ointmcnt  followed  In'cause  the  treatment  was 
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-un.  nl  o„  H  rn>lty  ,.atlH.lo,i..d  Kasis,  sin...  it  is  now  <.l..ar 
^h.i  tl...  n,.rv..us  syst..n,  is  f.rin.ar.ly  at  fault,  an.l  that  th.- 
<-x-ss.v..  functioning,  of  th.-  thyroi.l  ,.|an.l  is  onlv  on,,  part 
"    th..  m....han,sm  of  th..  ,lis..as,..     If  th-  wh..!..  ^Man  I  is 

•>tl..syn,,.t..n,sof„.y.x...,l.,,,.  On..  lol,..  „f  tl...  ilan.l  is 
onu.  wn..s  r.-n.ov...!.  an.l  I...n..,it  has  un.loul.t...llv  f..I- 
ow..,l  n.  ...rtan.  .as-s  ;   l.ut  it  is  nior.-  than  .loui.tful  wh..th.. 

J-b..n,.ht,sn..t<lu..toth..  n..,,alsh.K.k..fth..op..rati.,. 
rath.-r  than  to  th.-  a.tual  .vn.oval  ..f  th.  .lan.lular  tissu,. 
yi"Tat,on  ,«  .s<.nu-t,m..s  urj^.-ntly  n...vh..l  wh.-n  th.-n-  is 
ovi.l.MU-..  of  ,.o,„pr,.ssion  ..f  th.-  tra..h,.a  or  ...sopha.us.  .aus- 
y  .  vspn.na  or  dysphagia.  Dnision  of  th.-  isthn.us  of  th.. 
MUHl  may  th...  sufii-,.  to  r..l..ase  th.  traclwa  from  pn-s- 

i.  Electr.ai  treatment_Variousm..thodshave  ho.-n 

..  v.H.ut...l  l.y  ,,.n,.,...„t  ..l.s,.rv..rs  ;  nanu-Iy,  tr..at„u>nt  hv 
1 1.'  fara.h.-  .urn-nt.  Uy  ualvanisn,  l.y  X-ravs,  l.v  cuta'- 
I>lu>r..s,s  w.th  n,.l,n,.,  an.l  1,-  .,...,n.lvsis  of  th.'  ,hu>d 
V.g..ur..uxs  tr..atn...nt  l.y  ,n..ans  of  fara.lisrn  was  stron^lv 
roco„un..n.h..  |>y  Chan.t.  Th.-  nu-tho.!  consists  <.f  L 
iff.ivnt  ,no,h.s  of  appli,.ation  of  th..  curn^nt  :  (a)  faradisa- 
.on  of  tlu.  n.n.tHl,  (/>)  faradisation  of  th.  .v.-halls,  (c) 
r|md.satu,n  of  tlu-  ^nitn.,  (,/)  faradisation  <,f  the  pran-or- 

(a)  Candid  furodisafio^.^Th.  p.,sitiv,.  pol,.  „f  th,.  in- 
^l"^-t'-  -.1  .s  atta.h...i  to  a  lar,.  ,.h.,.tro,h.  appli,.,i  to  th,. 
-v,,.a    sp,n..,  ..  .n..  tl.  n..,ativ..  ,.,,.etr,,d,.,  w^^^^ 
■nd  ol    ..-shap..,l,  ,s  pr..ss,..l  on  th,.  ,aroti,l  art,.rv.  i  imh 

-J-  ^1- ;H..d..  ,.f  tlu.  jaw,  l...tw..,.n  th..  tip  ,.f  tlH.  hv,,id 
';•'"  '';''^*•^''  -'♦-•''•^-  '-'•<'•''•  -'fth,.  st,.rn..-mast,,i.I.     Th.. 

Mt,  th..  h..a.l  l...,n^  turn...l  slightly  away.  Tlu-  vihrations 
••f  <!"•  '"^"""iX-shoul.l  1...  rapid  an,I  th,.  str,.nj,th  of  tlu^ 
;'"'VMt  just  ..nou.d.  t.,  thn.w  th..  platysma  into  ^..nt!.  .-on- 
'"'"""•      ""'^  "^  •••"""""••'  ^"rc.n..  an.l  a  half  nnnut.sth,. 
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process  J...i„j;  th....  r..p..at,.(l  on  th.-  othor  «ido.  Diminution 
of  th<.  jMjlsatio.is,  j,ai|(,r  of  the  skin,  un.l  loworinj,'  of  the 
surfa...  tonifxratur..  follow,  vilwU  which  last  longor 
aft«'r  rt'pcatcd  applications. 

{fj)  Faradisation  of  the  e>/elHUL<i.-~T\m  is  dono  l.v  pass- 
ing the  same  olivc-shapcd  electrode  around  the  eves,  using 
just  sufiicient  strength  of  current  to  produce  contractions 
of  the  ..rhicularis.  This  should  Ix'  ,U)ne  for  two  minut.'s 
on  each  eye,  tlu'  ohject  being  to  cause  contraction  of  the 
blood  v,.ssels  at  the  back  of  the  orl)it,  since  it  is  largelv  the 
congestion  of  the  fatty  tissue  at  the  back  of  the  eyes  which 
caus;'s  the  exophthalmos. 

(c)  Faradisation  of  the  goitre.—U'Avinn  the  electrwle  on 
the  ccr\":cal  spine  in  place,  tlie  olive-shaped  electrode  should 
be  changed  for  a  small  flat  one  about  J^  inches  square. 
This  should  be  placed  over  the  thyroid  just  alK)ve 
the  e|)isternal  notch,  or,  if  the  goitr.'  is  large,  it  should  1h' 
placed  alternately  on  each  lol>e  for  two  minutes. 

Tliis  treatment  is  8U])posed  to  cause  contraction  of  the 
arteries  in  the  goitre,  and  to  prmluce  an  effect  on  the  in- 
ternal seco'tion.  That  the  arteries  in  the  gland  ar«  much 
dilated  in  Graves's  disease  is  evident  from  the  loud  bruit, 
systolic  in  time,  that  can  he  heard  there  by  placing  the 
stethoscope  over  the  goitre.  This  bruit  is  never  heard  over 
the  goitre  in  cases  of  cystic  or  parencyhmatous  bronchocele. 

(d)  Cardiac  faradisation— \  small  flat  electrode  at- 
tached to  the  positive  j)ole  (.f  the  secondary  faradic  coil 
is  placed  on  the  third  left  intercostal  sj»ace  over  the  heart 
and  a  current  just  strong  enough  to  ])roduce  weak  fibrillarv 
contractions  of  the  i)ectoral  is  ai)plied  for  Ix'tween  two  and 
three  minutes. 

As  a  result  of  this  tr.>atment,  after  repeated  sittings  a 
rapid  improvement,  with  diminution  of  the  sympt«.ms.  is 
said  to  occur,  the  tremor  and  goitre  Ix-irig  the  first  to  sub- 
side, while  the  e.xo})hthalm<  s  and  t^ichycardia  are  mon- 
obstinate  and  {wrsist  much  longer. 
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Anothor    n.,.flKK|  of   ..L.triral    tr,.atm..nt    „f    (;ravos's 
.  .S....S..  .s  l.y  .julra,„.ano„.     Fnr  this  ,.„r,H.s,.  a  w..||-pad.l,.a 
<I.-.x.  .1.'  .•I.Ttr.ul,.  of  :.  i„,.l...s  l.y  4  i,,..),,  i«  atta.h...l  t<.  th. 
n.'Pitiv..  pol,.  an.l  ran-fully  a,.,,li,..|  ov.r  the  ^oitn-,  so  that 
is   in    porfcTt   apposition    with    tlu-   skin    and    pn-ssintj 
••vonly    over    th.    thyroid    swHIin^r.     Th.    positive    dec 
trode  ,s  a,.ph,.,l   to  the  haek  of  the  neck,   and   a  st^-adv 
n.rrent  of  I.",  to  -,  ,na.  passed  through  the  «c,itre  for  twenty 
n..nues      It  is  to  l.e  remembered  that  in  (Jrave«'s  disea.. 
1'"  "l«vtn,.a    resistance  of  the  skin  is  less  than  in  normal 
fHTsons.  an.l  therefore  a  less  mimlH-r  of  eells  will  Ik-  re- 
•luired  to  s.n.l  a  ^iven  millian.perea^e  of  current  thronuh 
the  sk.n  than  .n  other  c-ases.     For  this  n-ason  ^reat  care 
must  1,0  taken  with  the-  negative,  elec.trode  over  the  goitre 
as  owing  to  the  thinness  ,     the  skin  there,  it  is  very  easv 
to  produc-e  an  unplea.s.ant  l.urn  throufjh  unecpial  pressu«^ 
of  the  pad,  or  thrcnifrh  usinjr  too  strong  a  c-urront.     Not 
more  than  J«)  ma.  should  Ik-  used  for  the  first  few  minutc-s 
and  care,  must  he  taken  that  the  pad  is  thoroughlv  wetted' 
Of  the  two  forms  of  c-lectric-al  tn-atment,  palv-anis^ition 
s  m  the  majority  of  cases  to  I...  prefc^rred  tc.  faradisation  for 
the  treatment  of  C.raves's  disease  ;  l.ut  if  dvspncm  is  pn-sent 
as  a  symptom,  electric-al  treatment  is  contra-indic«t«'d  and 
surgical  aid  is  prol.ahly  necessarv. 

LEUK/KMIA  AND  8I'LENIC  AN/EMIA 
may  also  he  trcited  with  advantage  in  some  cases  hv  mcvans 
of  galvanisation  to  the  enlargc-d  spleen.     The  size  c»f  the 
.•l.'<trode  to  he  applied  over   the  spleen  must  varv  with  the 
size  of  the  organ  •     f  the  spleen  reaches  l«.vond^he  navel 
in  an  adult,  a  pad  .>lectrode  of  about  7  inches  hv  i  inches 
should  he  applied  clos-ly  over  it,  and  kept  in  position  on  the 
a  .ch.men  by  means  of  a  wide  banchige.     A  similar  electrode 
should   be   applied   over  the   pcsterior  pole  of  the   spleen 
close  tc.  the  spine,     (^.re  is  to  b.  taken  in  all  such  applica- 
tions of  galv.nusn,  that  the  pad  is  thor.ughlv  wettc^l  and  is 
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in  close  apposition  to  the  skin  over  its  wholo  un-a.  Tho 
clectnxlc  over  the  spleen  in  front  is  to  Im«  attnehed  to  the 
nejrative  pole,  un<l  a  cum-nt  (.f  15  to  -Ji)  ma.  gradually  turne.l 
on  and  allowed  to  run  st<'«dily  for  twenty  minuti's.  IVr- 
sist<'nt  daily  treatment  by  this  moans  has'lMH-n  recorded  to 
])roduce  considerable  amelioration  in  the  symptoms,  and 
I  have  certainly  se<.n  great  improvement  in  the  size  of  the 
spleen,  with  marked  reduction  in  the  leucocytosis,  occur  in 
leukwmia  after  the  galvanic  treatment  had  replaced  the 
treatment  by  arsenic,  when  arsenic  alone  had  ai)parvntly 
done  nothing  but  provoke  severe  bilat<Tal  herpes  zoster  on 
the  trunk. 
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GALVANISM  ironvluihd) 
KLK{  TJUJI.VSI.S 
Tms  nu.tho,l  c.f  ,.,n,,|oynH.,.t   of  th.  ^alvanir  cwrn-nt   is 

up.'  HucuH  ha.M  and  „n.all  n.,]..  »,>,„.  ,,,•  sk.n.  It  has 
a  -  !„.,.„  ..,„ploy..d  i„  fl...  tr..afnw...t  of  an-urvsn,  „t.rine 
filToids,  scars,  an.l  .strittums.  '       ''"*""' 

■WHO  ...to  ,ts  .•h.M„u-aI  ..|..„H.„fs,  l.y  th..  passa^..  of  an  .l...- 
•  n..n.nt  through  it.     Th.  ...„..•„♦  „.L  u'const^nt  in 
•l.n...  .on,  or  ..h,.nuc.al  <lm,m,.ositio„  do.s  not  o^-.-nr 

^.^s.  '/)  l.y  radiat.on,  as  in  th.  a.rial  wavrs  of  wirHoss 
^'  rn,. hy  ;  (.)  hy  n.talli..  conduction,  „.  whi.-h  th.  con- 
d  n.n  of  th.  conductor  is  not  al,.r.d  hy  th.  pass:.,,  of  tho 
<  "r.nt .  .)  |,y  .I....troIys,s,  in  which  th.  conducting  sub- 
.sta.w..  ,s  .h.,.o,npos.d  l.y  th.  passap-  of  th.  curr.nt. 

Theory   of  lOns.-Accordi,.,  to  A.rh.nius,  suhsta.u 
m  Holut.,.,.  n.ay  h.  ,livid.,l  int<,  two  class,.  :  those  whoso 
n«l.cul.s   „nd.rKo   dissociation   into   th.ir  .L.n.nts,   a,.d 
u-   whos.   n.ol.,.ul.s  do   not  dissociat..     Sul.stan,..s  of 
th.  fonn.r  class  ar.  th.  .l.ctrolyt.s  ;   thos.  of  th.  latt.r  are 
;'";-l<-trolyt...     Th.  only  sul.stanc.s  which  ar.  .l.ctro- 
Jytc.s  a.v  th,>  ac.ds,  bases,  and  salts.     ( »th.r  substances  such 
as  s,.jrar    ur.a.   albumen,   and   c<.lloi,ls  do  not  dissc^ciate 
at    al    when    .n    solution,    and    therefore    are    not    elec- 
trolytes. 

^W'.iter  that  is  che,nica!!y  pur.  is  .  non-conductor.  a,.d 
therefore  to  render  water  a  conductor  of  electnVitv  it  is 
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npc«'H*iry  tit  iuld  to  ir  a  sintll  quantify  of  an  aci.l,  an  alkali, 
or  a  silt. 

\Mii-n  one  of  th.'S"  Hiihstmr.'H  is  in  solution,  a  certain 
nunilM-r  ..''  its  molfnilrs  an-  dissfKiat.-d  int(.  fji.'  two  atomic 
or  niol.Tular  jjroups  composinj;  it -the  hy.lro^r,.|,  or  m.-tai 
with  a  positive  chart;.'  of  ch'ctricity,  and  tlw  acid  radicle 
with  an  e<pial  nepitive  charge.     It   is  these  groups  that 
Arrheniiis  has  named  "ions."     Thus,  common  salt  is  dis- 
Hociat.-d  i„to  the  ions  Na  and  CI,  sodium  and  chlorine,  while 
sulphuric  ;,.id  is  <lissocijited  into  two  ions  of  hydn.pen  and 
the  ion  S()».     The  more  concentrated  the  solution  the  fewer 
an;  the  moh'cules  that  are  di.ssiK-iated  into  their  constituent 
ions,  whilst  in  a  very  dilute  solution  all  tlie  molecules  may 
he    dissociated    into    ions.     When    a    constant   curn-nt   is 
passed  thr(JU^h  such  a  solution  In'tween  tw«»  electrodes,  the 
elect ro-po.sitive    ion.s~that    is    to    say,  the    l.as.'s  such  as 
sodium,  pota.ssium,  hydrogen,  and  other  metals— will  be- 
come positively  charged  and  will  Im-  therefore  repelled  from 
the  positive   pole  and  attracted   towards  the  negative  or 
kathode  ;   these  ions  are  therefore  called  kations.  or  cations. 
The   electro-negative   if.ns— oxygen,   <hlorine,   iodine,   acid 
radidi-s,  etc.     will  Lecome  charged  negatively  and  will  \>e 
therefore  rep..ll..d  from  the  negative  and  attracted    to   the 
positive   jK.le   or  anode.     These   ions  are   therefore   called 
anions.     The  .same  element  may  Im-  electro-positive  in  one 
comhinati.  !i  and  negative  in  another.     Thus  hydrogen  is  a 
kation  in  the  s-tlution  containing  hydrochloric  acid  (H('l), 
whilst  in  a  solution  of  potash  (KOH)  the  jM.ta.ssium  acts  as 
the  kation  and  the  hydroxyl  group  OH  is  the  anion.     The 
rapidity  of  tlie  movement  of  tlie  ions  in  the  electrolyte  -that 
is  to  say,   the  rapidity  of  the  electrolytic  action— varies 
directly  with  the  voltage  of  the  current,  and  also  with  the 
temperature,   cold  diminishing  and  heat  augmenting  the 
action.     The    lighter    the    moN>iular    weight    of    the    ion 
the  more  rapidly  will  it  diffuse  under   the  action   of   the 
current.       Hydrogen    has   the    lightest    molecular    weight 
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«>f   all    known    Niilwfanc's,    and    itrt    ion    iu„v.h    tli.«    iii..,st 
niptillv. 

Th.'  ni.llicHl  ,»f  („,i<lurf  j.,n  „f  th..  pJvani,-  curn'nf  throiifh 
Hi.-  living'  !...<ly  is  ],y  mrans  <.f  ..!,.,tr..|ytic  action.  an.I  if  is 
I'.v  tl...  application  of  thr  tl,....ry  of  iyrw  just  (IrsfrilnMl 
that  II,..  a.ln.ini.strati..,i  of  .jruus  flin.uKh  tlu-  skin  l.v  nu-ans 

of  til..  Kalvani.'  .urnMit  is  to  I xplain...!.     This  pr.K.-ss  hus 

l..-..n    ain.a.ly   r.'f.'rrr.l    t„    ,„„|,.r  th-  titl."  cataphoresis. 
loHin..  an.I  sali.yji,-  u.i.l  ;,n.  th-  two  drugH  used  hy  this 
in.'th.KJ   whos"   i„tis  arc    usually   rl.-<tr..-ri.'nativ..   in' th-ir 
(iK'iriical  n-lations.  and  th.-n-for.'  act  jis  anions.     On  that 
account  th.s  •  .Iruus  must  1...  applied  to  the  skin  l.y  means 
of  th(.  n.'Kativc  cIctr.Ml..,  since  In-iny  anion.s  thev  will  !«. 
attracte.i  toward.s  th.'  positive  pole,  and  will  therefore  p.-ne- 
trate  the  skin  and  enter  the  tissues  when  placed  under  th.. 
n.'Hative  el,..trod..  or  katluKh-.     The   i- .lin..  mav  he  ..ither 
painted  on  the  skin,  or  a  solution  of  io<lide  of  potas-sium 
may  Im-  ur;-.!  t„  soak  the  padth-.!  katho.l,.  in.     This  treat- 
m.'iit  is  used  f„r  rh.'umatic  j.,intrt,  an.I  s.)metimos  f.)r  en- 
iar>r<'<l  ^rlan.ls.  as  in  lymphach-noma.     Salicylic  aci.l  is  Iw.st 
US...1  as  a  diluf.'  .solution  ..f  .sidicylat.-  of  ,Ho.la  aj.plie.i  to  the 
kath<.<h.  or  n.'frative  el.'ctnxl...     The  a.id  or  .salicvl  radicle 
under  the  acti.)n  ..f  th.'  galvanic  current  will   then  enter 
the  tissu.'s  .)n  its  way  to  th..  po.sitive  ],,.Ie.     Cataphon-sis. 
with  sili.-ylate  ..f  .s.xhi,  is  sometimes  v.-ry  useful  in  noural- 
pa.s,  an.I  especially  in  rh.-umatic  n.-uritis,  a.s  sciatica  .)r 
brachial  neuritis  (sec  p.  ]«;!»). 

The  metals  and  the  alkah.i.ls  will  act  a.s  kations  during 
the  passage  of  a  pdvanic  current,  an.I  in  ..rd.-r  to  cause 
them  to  p..»M>trate  into  the  ti.ssu.'s  l.y  m.-ans  ..f  cataplior.-si.s 
it  will  I...  n.'.M'.ssiry  to  apply  th.'ir  solutions  t<.  th.'  ano.l..  or 
positive  jH.le.  Lithium  is  tliu.s  us".l  in  the  treatment  of 
gouty  joints,  and  in  so-called  rheumatic  p..ut.  A  solution 
of  lithium  .hlori.h'  or  carbonate  is  applied  on  lint  under 
th,.  posifive  p<.!e  {  ••  thi-  joint  n-.|uirin,g  tr.-atmenl,  while  at 
the  .same  tim."  i.uline  may  ]«•  j)ainted  on  the  skin  under  the 
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katlxxlc,  or  tip'  k.ithodi-  niay  Ik<  soakcti  in  Holiitinii  «)f 
pota.HHiiitn  i)Hliitt'.  If  u  lur^ii'  joint,  a.s  tin-  krirt-  joint,  in 
afTi><'t<>(I,  th«'  aiiotlc  aiitl  lithium  may  Im>  applicil  on  the  t-li't - 
trtnU'  moitl<Ic<l  cIoHi'ly  aroumi  oiu'  ftidi-  of  thi'  joint,  whil** 
thr  katho(li>  iiixl  iodine  may  Ih>  similarly  applit'd  on  tin- 
othiT  »i«l<'  t>f  the  joint.  It  wa.n  K<lison  who.  in  is'.Nt,  first 
Hiig);<>Ht<>«l  the  use  of  lithium  hy  thi.s  meaii.s  for  the  solution 
in  the  ti«  ;es  of  tiie  nout)  deposits  of  Itiurate  of  .s<»<lii  ; 
for  urate  of  lithia  i.H  .solulde  in  I  [•>  times  it«  weij;ht  of  water, 
while  arate  of  so«la  rc<piires  I'.t.iNio  times  its  weij^ht  of  water 
fir  .soIuti«in.  Thus  the  foot  or  hand  vvhirh  is  to  Ih'  treated 
is  placf'd  in  a  l>ath  of  hot  water  contaiiiinjj  l!  jM-r  cent,  of 
lithium  chloride,  and  att^iched  t^)  the  positive  pole  ;  while 
the  negative  elitfrode,  us  a  larjie  plate,  may  \h>  applied  to 
the  spine.  \  t  iirrent  of  In  or  'Mt  ma.  shouiti  Im-  u.>ied  for 
twenty  or  thirty  minutes,  ^rvai  care  Itein^'  taken  that  it  in 
not  smhU'iily  interrupted. 

Zinc  ions  are  recommeiuh'd  for  the  treatment  of  rodent 
ulcer,  the  m("l«'  of  application  heinj;  l»y  means  of  l»are  zinc 
Itutton-.shap  ■(!  electnKles  of  ditfenMit  sizes  uttai-hed  to  the 
positive  pole. 

.Ml  tlie  alkaloids  an>  e]ectro-{Hisitiv(>,  and  .so  are  at- 
tracted towards  the  negative  pole.  T(»  force  them  through 
the  skin  Ity  means  of  a  galvanic  current,  therefore,  they  must, 
like  the  metals,  he  applied  hy  means  of  the  antxle  or  jMisi- 
tive  jK)le.  The  aIkaIoi<ls  thus  used  are  cocaine,  morphine, 
aconite,  and  cpiinine.  Each  of  these  lias  U'en  used  for  the 
treatment  of  neuralgias,  such  an  tic-douloureux.  If  a  s«)lu- 
tion  of  aconite  or  cocaine  he  applied  to  the  positive  |)«de 
and  held  against  the  skin  while  a  galvanic  current  is  pas.scd 
for  several  minutes,  it  will  he  found  that  the  skin  i.s  more 
or  loss  anaesthetised,  a  prick  not  In-ing  felt  as  sharp. 

That  drugs  are  undouhtedly  intro«luced  into  the  tissues 
by  moans  of  oata]»horesis  has  In-on  uhundantly  domon- 
stratod,  Loduc's  exjH-riment  with  two  rahhits  showing  con- 
clusively that  one  of    the   animals   can    Im'    killed   hy    the 
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intHHlurf  ,o„  „f  Htmhnim.  .,r  tyanid..  l.v  (his  pr.Rvc.s      In  his 
.•xi).Tnn..r.t  Uvn  rahhits  wen-  fast^-ncd  side  hv  aid.-  -m    •    , 
board,  and  two  pad  .•I.'ctr.xh.s  w.-r.'  (■I..s..Iv  uppli,.,      .      ^„ 
0..0  O.J  (.a<h  si,h.  o{  th..  hack  ..f  tl,..  ,,„imaI,'so  tlmt  th.-ro  ^vrv 
four  pa.ls  in  a   rr.w--A,    B,  C,  D.     A  was  ronpl.d  to  th. 
positive  p„h.  c.f  the  hatt<>ry  an.l  D  t<>  tho  nopativ...  while 
B  an.l  C  wrr..  joined  top.'ther  hy  u  wire,  the  two  animals 
l>niMK  thus  .-onpl.-d  u,,  i„  s.ries  with  a  fialvanic  hatt<<rv. 
J  he  i)ads  A  and  D  were  soaked  i„  a  sohition  of  connnr.M  salt 
and  the  pads  B  and  C  in  a  solution  of  sulphate  of  strvehnine' 
rhe  current  was  th.-n  turned  on  jrraduallv,  ahout"  o(l  ma 
Ix'inp  used.   After  some  time  it  was  foun.l  that  the  C  D  ral,hit 
d.-yeloped  increased  deep  n-flexes.  and  later  still  die,!  in  con- 
vuIsH.ns.     Wh.Mi   another  ral.I.it   was  sul.stituted   for  this 
one  the  same  thinp  happened,  whilst  if  after  replacing  with 
a  new  rai>l.it  the  current  was  revensefl  in  direction    the    V  B 
ral.hit  die,l.  whilst  the  new  one  was  unaffected.     Now    in 
the   oripinal   arranpement  of  the   current  the   CD    rahhit 
had  the  positiv..  electrode  C  soaked  in  strvehnine  .solution 
whilst  with  the  A  B  ral.I.it  the  stry.  hnine  wasapplie.I  to  the 
nepative  electrode  B.     It  is  clear,   therefore,  that  the  CI) 
ral.I.it  was  poisoned  l,y  strychnine  ent.-inp  its  l.odv  fn.m 
the  po.s,tlve,>olc.  while  the  A  H  ral.I.it  was  unaffectedl.v  the 
•strychnine  on    the   negative  electrode,    thouph    wlu-n"  this 
He.trode  was  made  positive  l.y  reversing  the  current  this 
laM.it    ,lie.l    also.        It    follows    that    it    is    the    action    of 
the  current   that    causes    the    .Imp    to    enter    the    tissues 
and  n,.t  the  me.e  s.akinp  of  the  skin  with  the  drup  in  solu- 
lon.     If,  ,n.stea<I  of  .strychnine,  cyanide  of  potassium  solu- 
tion IS  used  for  the  el.rtroch.s  B  C  on  the  two  ral.l.it.s,  B  In-inp 
the  nepativc.  c-lctrocle  or  kathode,  and  C  anode  or  positive. 
It  will  Ik.  found  that  the  ral.I.it  A  B  will  Ik-  killed  l.v  cvanide 
poLsoninp.  while  the  ral.I.it  CD  will  escap,- harm."    In  this 
n.s..  the.  <yan..p,.n  radvl...   l.,,Mp  an  anion    will  enter  the 
t.ssues  fnnn  tlu-  nc-patiu-  p,.le  on  its  wav  to  the  positive 
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A  simple  cxprriinont  will  d.-nioiistratc  oasiiy  and  quicklv 
this  passage  of  the  anions  and  kations.  with  th,.  derr.mposi- 
tion  of  the  oJectrolyto.  Moisten  a  piece  of  white  Motting 
{►aper  with  a  solution  of  potassium  iodide,  and  lay  it  flat 
upon  a  lM.ard  or  marhle  slab.  Tak.-  the  two  wire  terminals 
of  a  strong  galvanic  l)attery  and  hr)ld  them  on  the  Motting 
paper  |  inch  apart,  and  turn  on  tlie  current  until  10  ma. 
are  indicated.  A  strong  l.n»wn  stain  will  appear  around 
the  anode  with  the  characteristic  sm.'II  (.f  iodine.  With  a 
stronger  current,  small  flashes  and  sparks  will  appear  at 
the  negative  pole  owing  to  the  rapid  oxidation  of  the  potas- 
sium ions  attracted  to  the  katho,h..  If  silicylate  of  soda 
IS  used  instead  of  iodide  of  potassium,  most  of  the  sparks 
and  burning  will  appear  at  the  positive  pole  owing  to  the 
further  decomposition  f.f  the  salicyl  radich'. 

As  was  said  above,  jiure  water  is  a  bad  conductor  of  the 
electric  current,  and  requires  the  additif.n  of  a  trace  of  an 
electrolyte,  acid,  l)ase,  or  salt  in  order  to  render  it  a  good 
conductor.  It  is  then  decomposed  bv  the  passage  (.f  a 
constant  current,  the  h;  )gen  kations  apfx-aring  ft  the 
negative  electrode  as  small  bubbles,  while  the  oxvgen  either 
oxidises  the  anmle  if  it  is  made  of  ,  opper,  steel,  etc.,  or 
a}){)ears  as  bubbles  if  made  of  platinum.  The  mechanism  of 
this  process  of  decomposition  of  the  water,  or  electrolysis, 
is  no  doubt  due  to  the  stn-ss  set  up  in  the  molecules  of  water 
by  the  diflference  in  })otential  of  the  ano(h>  and  kathcKle. 
The  hydrogen  and  oxygen  molecules,  cliarged  with  equal 
and  opposite  quantities  of  el,>ctricity,  }iave  entered  into 
coml)ination  to  f(,rm  water,  neutralising  their  electric 
charges  ;  but  these  are  ag.iin  split  asunder  under  tlie  com- 
pelling force  of  attraction  of  the  anode  and  kathode  for  the 
8eparat4'ly  charged  constituents  of  the  water  molecule. 

Just  as  no  evidences  of  the  transfer  of  these  ions  is  .seen 
in  the  Imdy  of  the  electrolyte,  but  oidv  at  the  poles,  ho 
during  the  pas.Hage  of  an  electric  current  thn.ugh  the  IkmIv 
no  evidence  of  dissociation  of  the  tissues  occurs  except  at 
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th.'  skin  in  roiitnct  with  the  .'Icctrodcs.     If  nichillic  i-l.-c- 
tHKlcs  iiir  in  ((.nfiict  with  tlic  skin  this  will  I,.,  rapidly  soft- 
on.'d   and    d.-stn.v.d    }.y   th.-   action   of   th.'   caustic  "alkali 
«.-ncrat"d  at   the   kathode,  and   of  the  acid  at   the  anode, 
and.  therefore,  so-called  Imrns  will  occur  if  the  hare  metal 
is  allowed  t<,   rejnain    for  lonr  in  contact   with   the  skin. 
Therefore,    in    th.-    ordinary   aftplicutions    of   the    f/alvunic 
current,  pads  sMak.-d  in  a  solution  of  some  electrolyte,  such 
as   a   weak  saline,   are   tltt.-d  over  the   metal  electro(h-s  so 
that  th."  products  of  (-l.-.trolysis  shall  take  place  within  the 
pads  and  not  upon  the  skin.     With  strorij:  curr.-nts.  how- 
ev.T.    and    proh.n^r,.,!   appli.ations.    th(-  acids  and   alkalies 
f;en(-rat.-d  may  soak  thr-.u^h  th.-  pids  ;;iid  cau.se  damafje  to 
the   skin.     It    is.    th.-refore,    nec..ssiry   when    usin^  stronp 
curr.-nts  for  any  h-njrth  of  time  to  .-xamine  the  skin  from 
tim.-  in  time  to  isvoid  injuring  it.     The  first  si^m  of  injury 
to  the  skin  will  he  a  smarting;  pain  and  the  appearance  of  a 
small  l.li.st.-r  uiid.-r  the  .-lectnxK-.  th.-  skin  underneath  U- 
comin^  dark  c..l.»ure<l  an.l  ulcerate.!  if  the  current  is  not 
stopped.     Nasty  sl..ut;hiny  wounds  may  he  thus  j)roduccd, 
which  take  a  l.)n^  time  to  heal  an.l  l.-ave  permanent  scars' 
This  (h'structive  action  of  the  el.-ctrodes  is  made  use 
of  in  the  treatment  of  na'vi.  moh^s.  uterine  fihroids,  etc. 

N.KVI 

The.se  an-  usually  situated  about  the  head  or  nock  ;  thev 
may  !..>  .suhcutaneous.  forming,'  small  tumours  uiuh-r  the 
skin,  or  th.-y  may  invohv  th.-  skin  also.  They  mav  Ih>  large 
or  small,  from  small  r.-d  spots  on  the  side  of  the  nose  or 
cheek  to  a  large  i)ort-wine  mark.  They  are  often  present 
at  l.irth.  and  often  grow  rapidly  if  not  opt-rated  upon  early. 

Xa-vi  may  he  treattnl  hy  electrolysis  either  hv  the  bi- 
polar or  th.'  unip.)lar  metho<l.  With  the  form.-r  nu-thod  two 
ne.'dl.-s  at  least  are  inserted  into  the  iifruis.  one  attached 
to  th.-  pnsitiv,.  and  the  other  t->  th^^  mg;.tivc  pole. 

Bipolar   method. -Th.-  two  ,u-,-<lh.s  sli..ul.l   Ik>  of 
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f»latinum  and  slu.uld  I.,-  insert  ■(!  thrcnjrh  tlu-  skin  mU,  Ih,. 
suhstiiucT   of   tho    na-vus   at    al«,ut    i    in.h    apart.   slu.uM 
til.'  «jze  of  tlu'  na-vus  jx-rmit  this.     Tlir  n....,l|,>s  must  n..t 
1h'  allow.'d  to  touch  on.'  an<.th.'r.     After  strrijisation.  thry 
an'  inserted,  an.l   the  current  must  he  turne.l  on  ^'radualiy 
until  the  strenjrth  of  current  passinj.'  amounts  to  L",  to  l'u 
ma.  per  inch  of  })ositive  needle.     Tlie  immecliate  effect  of 
turning  cm  the  currefit  is  to  cause  l.lan.hinK  and  hardening' 
of  the  tissues,  especially  around  the  positive  needle,  while 
froth  and    hu},l>|es  of   hydrogen    «as    es-ape    hv    the    side 
of  the  negative  nc>ed|e,  which  also  hcn-onies  loos-.     .After 
a  few  seconds  the  tissues  turn  livid  around  the  negative 
needle,  when  the  current  must  Ih'  turned  off  and  the  needl.'s 
taken  out  and  reinserted  in  a  fresh  place,  not  too  clos"     u 
sloughing   is   lial.le  to  .-nsue.     This   process   is  to    l.e  con- 
tinued until  the  operator  judges  that  enough  has  JK'en  ch.ne 
for  one  sitting,  as  sloughing  of  the  tissues  is  to  Im-  avoided. 
.Small  na-vi  .an  often  he  satisfactorily  .l.'alt  with  at  th.'  first 
attempt,  hut  larger  on.'s  may  recjuire  several  sittings.    Th.' 
process  is  a  very  painful  one.  and  a  general  ana'stheti.-  is 
necessarv. 

Unless  the  nsrvi  are  large,  the  two  n.'edles  will  l)e  suffi- 
cient.    Each  should  he  held  in  a  ajwcial  needle-holder  with 
a  circular  screw  clamp  to  hold  any  sized  n.'edl...     X.)  current 
interruptor  on  the  handle  is  necessary,  or  even  advi.sji})le. 
If  the  noe<11..3  arc  allowed  to  touch  when  in.serted  in  the 
na^vus  the  patient  will  get  a  su.lden  shock  each  time  they 
touch  an.l  are  released,  and,  th<.ugli  the  patient  is  unde'r 
an  anavsthetic,  such  shocks  are  not  advisahle  in  th.-  n.Mgh- 
bourhood    of    the    head   and    neck.     Sometimes    partially 
insulated  ne.'dles  are  used,  the  needle  Wing  covered  with 
a  thin  coating  of  rubber  or  shellac  to  within  a  tfunl  of  an 
inch  of  the  i>oint.     This  is  to  avoid  .-ausing  electrolvsis  of 
the  skin  at  the  (wint  where  the  n.>..d!<.  in  ins-rted  thn^ugh  it 
to  reach  a  sulxutaneous  na-vus.     Such  insuhitions  are.  how- 
ever, rarely  satisfactory,  as  th.-y  rench'r  it  verv  difficult  to 
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insert  flic  iw«'(ll('  properly,  and  also  prevent  the  jtrop-r 
st-erilisation  of  the  needle  liefore  iisin^ — a  point  which 
should  always  ]»e  attended  to.  A  steel  needle  sliould  never 
he  used  for  the  positive  needle  liecause  of  the  indelihle  lilack 
stjiin  which  it  always  leaves  upon  the  skin  at  the  point  of 
entry. 

For  lar<.'e  na-vi  a  special  needle-holder.  devi.si>d  hy  Lewis 
.lones,  may  he  used,  in  which  three,  four,  or  five  needles  ma v  Iki 
screwed  into  the  holder,  arranp'd  like  the  i)ronf.'s  of  a  fork, 
alternately  ])ositive  and  ne;L'ative.  With  this  instru- 
ment the  needles  may  lie  moved  ahout  as  a  whole  within 
the  nnr'nis.  ami  all  jiarts  of  it  Imuijiht  under  treatment. 

Unipolar  method.-  'I'his  method  is  si^cially  useful 
in  those  cases  where  the  na-vus  is  very  small  an<l  involves 
the  skin.  As  a  rule,  the  nepttive  pole  is  used  for  the  active 
electrode.  The  jxisitive  jxile  .«hould  he  attached  to  a  flat 
j)lat<'  electrode  which  may  h»>  a])plied  around  the  patient's 
wrist,  liack  of  neck,  or  any  conv<'iiient  and  accessihle  spot 
away  from  thr  liead.  The  needle-holder  is  attached  t<»  the 
neffative  polo,  and  an  onlinary  scv.nti-needle  may  Ik«  used, 
as  there  is  no  danj^er  of  j)roducinf,'  hlack  spots  in  the  skin 
with  the  neyative  needle. 

Spiaer  naevi  and  dilated  venules  on  the  huo,  foro- 

head  or  nose  arc  l>est  treated  hy  the  unipolar  method  of 
olectiolysis.  The  ])ositive  plate  is  fohh-d  do.se  roiuid  one 
wrist,  and  a  fine  sewinji-needle  (So.  S)  li.ved  in  the  screw 
clamp  of  the  needle-holder  !»ttached  to  the  n;'pative  pole. 
No  current  interruptor  on  the  handle  is  advisal)le,  as  the 
current  shouhl  h<'  turned  on  l)efore  the  needle  is  applied  to 
tlie  na'vus.  The  needh'  must  he  sterilised  eadi  time  he- 
fore  use  ;  hut  it  is  hest  not  to  do  this  hy  2)assinf,'  the  needle 
throufili  a  flime,  as  in  this  way  a  line  (h'posit  of  oxide  may 
he  formed  upon  the  point,  which  may  leave  minute  Idack 
marks  in  the  skin.  If  sterilised  liy  heat  first,  it  .should  after- 
wards he  pass!>d  two  or  three  times  throufzh  a  piece  of  car- 
bolised  lint  to  ensure  the  point  hcing  clean.     These  small 
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na*vi  and  dilatcil  vciuilrs  .m-  very  coiiunnn  f)ii  thf  face, 
csjM'ciiilly  alt<'r  the  a<.'t'  of  thirty,  and  suiiictiim's  lictoino 
.siillitii'iitly  iiunitTous  or  larjjc  to  he  worth  rcnioviiii:.  The 
centn'  point  of  tlic  vt'iiulc  must  h«>  can-fully  lookfd  for,  and 
tho  nocdlt'-point  steadily  inserted  to  the  base  of  tlie  luevus 
and  held  there  for  from  one  to  live  (seconds,  the  streii^'tli 
of  current  re(iuired  heing  from  "0  to  1  ma.  'Jlie  immediate 
effect  of  the  application  of  the  needle-p(»iat  is  to  cause  the 
venule  to  contract  and  the  red  spot  to  dis;ippear  ;  ^'H'at 
care  must  therefore  he  exercis^'d  and  the  liand  field  steadily 
s<      .at  the  needle-point  is  not  moved  on(  e  it  is  applied. 

The  pain  of  this  procedure  is  consich-ralile.  and  cannot 
he  home  hy  a  fzreat  many  persons  without  flinching.  In 
that  case  it  is  advisahle  to  amcsthetise  the  skin  first  hv  means 
of  cataph<iresis  with  cocaine,  using  a  circular  disc  electrode 
for  the  positive  pole,  and  a])plying  it,  after  moistening  it 
with  cocaine  solution,  over  the  nasvus.  I'sing  a  disc  elec- 
trode the  size  of  a  halfpenny,  a  curri'iit  of  1  to  -j  ma.  shouUl 
he  pas.sed  tlirough  it  for  five  minutes.  If  the  area  of  skin 
un<h'r  the  j)ad  is  then  teste<l  with  a  j>in  (»r  ne«'dle-point,  it 
will  he  found  comparatively  analgesic  to  the  8urroun«ling 
skin  owing  to  the  cataphoretic  action  of  tlie  positive  pole 
in  forcing  the  cocaine  through  the  skin  into  the  tissues.  It  is 
Ut  he  remendn'red  that  cocaine,  heing  an  alkaloid,  India ves  like 
a  huse  and  is  electropositive,  and  is  nttract«'d  to  the  nega- 
tive pole.  It  must  therefore  l)e  applied  to  the  skin  unch-r 
the  positive  pole  in  order  to  make  it  ent«'r  tlie  tissu^a  hy 
means  ofcataphon'sis.  With  the  skin  thus  rendered  j)ar- 
tially  analgesic,  the  pain  })roduced  hy  the  electrolysis  will 
Ix;  considera])ly  diminislied. 

If  there  are  many  such  small  na-vi  and  dilated  venules 
on  tlie  face  to  Ih"  treated,  it  will  not  lx»  jKJSsihIe  to  treat 
them  all  at  one  sitting.  As  a  rule,  t  more  than  four 
punctures  for  electrolysis  should  l»e  done  without  an 
ana}sthetic.  Although  the  immediate  eflfect  of  puncture  of 
the  najvus  is  the  disiippearance  of  the  red  s])ot,  there  fol- 
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lows  iilriK  ,-,t  ill  <,iur  ;i  >li|.'lit  sw.-lliritr  around  tin-  jmiu'tun', 
iii;ikiiij;  it  rcs'-iiiMi-  soiih-w li.it  tlii-  Lite  of  an  iiisi-ct  or  tlu' 
sfinjr  of  a  ii.'ttl.'.  For  tli.-  r.'st  of  the  <luy  tlu-  arcu  tn-jit.'d 
will  appear  sotiicwlial  fliish.-d  and  will  fed  hf)t.  csprcially 
if  locaiiif  lias  Im-cii  usihI  ;  and  it  will  1«.  well  to  dust  the 
skin  with  a  lit  tie  fullrr's  caitli  or  similar  f)o\vdf>r.  It  is 
ii  j-'ood  plan  to  tr.'at  tlir  two  sides  of  the  face  on  alternate 
days  if  several  sittin<.'s  are  necessary.  Some  skins  react 
more  than  «)thers  to  th.'  treatment,  and  in  some  all  trace 
of  the  swellin.;  will  disappear  in  three  days,  while  in  others 
it  may  taki'  a  week  helore  the  skin  looks  (juite  normal 
a^ain. 

The  efTect  r)f  the  electric,  puncture  is  to  d<'stroy  the  wall.s 
of  the  venul.'s  and  to  clot  the  l.h.od  in  thi-m  hy  filling'  the 
tiny  liranc  hes  with  Kultliles  of  hydrojien  <:as.  and  the  current 
should  Ik"  siidi.iently  strong'  to  show  minute  Imbhles  at 
the  pr.int  of  the  nei-dle  if  h.'ld  for  more  than  a  couple  of 
Keconds.  As  a  rule,  with  the  tiny  KuiK-rficial  dilated 
Venules  it  is  not  necessury  to  ins-rt  mnn^  than  the  jxtint 
of  the  needle. 

It  is  important  to  remendter  to  attadi  the  nr>i'dle-]n.lder 
to  the  ne^rati\v  2li'l''^  f<»r  if  tH<'  J)ositive  is  u.sed  hlack  in- 
/'     <lelil)le  marks  are  left  in  the  skin. 

«ri'EHFLroi«  1I.\1I{.S  AND  MOLES 

Lirp'  moles,  as  in  the  cas<'  of  larjje  na-vi,  are  usually 
l)est  treated  hy  the  actual  cautery  or  by  exci.sion,  as  the 
ieiifrth  of  tinu'  recjuired  for  electrolysis  is  too  great,  and  the 
result  less  satisfactory.  Small  niolc!^  of  one-eighth  of  an 
inch  across  or  less  may,  however,  he  well  tn-ated  by  elec- 
trolysis, and  the  resultant  scar  is  less  noticeable  than  with 
cautery  or  knife.  Two  ne<'dles  should  be  employed  for  the 
larger  out  s-  the  positive  needle,  at  all  events,  made  of  pla- 
tinum- and  the  mole  should  be  transfixed  by  the  two  needles 
at  ojipositc  sides,  care  being  taken  ihal  (he  needles  do  not 
touch.     A  current  of  5  to  lO  ma.  sliould  be  used  for  five  to 
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fifteen  si'c()H(l.s.  The  part  must  Ik-  previously  aiia'sthetisfd 
l»y  a  suln-utaneouH  injection  (»f  cocaine,  a»  the  dejiree  of 
an«'sthesia  obtainaltle  Itv  cataphore.si.s  will  not  Im>  sulli- 
ciently  deep, 

Superffuou.s  hiirs  on  the  face,  an  on  upper  lip,  chin,  or 
in  front  of  the  ear,  may  cause  con.sideralde  unsi^htline.ss  in 
women,  and  may  })e  conveniently  removed  hy  i-lectrolysis. 
It  is,  however,  a  jjrolonjjed  and  somewhat  painful  prcn-ess 
if  the  hairs  are  numerous.  Considerable  practice  is  neces- 
sary to  perform  the  small  operation  of  electrolysis  of  the 
hair  follicles  neatly  and  surely  ;  for,  as  Ia'wis  Jones  says, 
it  really  amounts  to  a  catheterisation  of  the  hair  follicles. 
The  pt)sitive  pole  is  attached  to  a  flexible  electnKle  and  fast- 
ened round  the  j)atient'8  wrist  or  any  other  convenient 
e.xposed  portion  of  the  skin  ;  while  the  negative  pole  is 
attached  to  a  tieedle-holder,  usinti  a  very  fine  2)liitinum  wire 
in  the  place  of  a  needle.  The  wire,  blunt-ended,  is  bettiT 
than  a  pointed  needle,  for  it  is  less  likely  to  jH'netrate  else- 
where than  into  the  hair  follicle.  The  patient  reclines  with 
the  liead  thrown  back,  in  a  good  light ;  three  cells  of  the 
batt<'r}'  are  turned  on,  sufficient  to  give  a  current  of  from 
1^  to  2  ma.  when  the  wire  is  inserted.  The  hair  is  gently 
pulled  with  the  left  hand,  and  the  j)latinum  wire  is  passed 
as  close  to  the  root  of  the  hair  as  possible  so  as  to  enter 
the  hair  follicle  for  a  distance  of  about  one-eighth  of  an  inch. 
It  is  held  there  for  about  five  seconds,  small  l)ubble8  of 
hydrogen  gas  esc  iping  beside  the  root  of  the  hair ;  and 
the  hair  should  then  l)e  pulled  out  by  using  gentle  traction. 
The  pain  is  certiiinly  sharp,  but  can  be  borne,  and  cocaine 
cannot  in  most  cases  be  applied.  Verj'  slight  scarring 
ensues,  and,  if  carefully  done,  it  is  practically  invisible 
after  a  week  or  two.  Several  hairs  close  together  should  not 
be  attacked  at  one  sitting,  the  whole  area  to  be  done  being 
gone  over  equally,  the  number  done  on  each  day  depend- 
ing on  the  endurance  of  the  patient  and  varying  from  five 
or  ten  to  three  or  four  times  that  numlier. 
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TJi.'  .Irstnictiw  acfir.n  cf  fh,.  n.-pifiv.-  jk.I.-  h„.s  hccri 
mad.,  us.'  of  in  fh,.  ..I...fr..k.si,s  .,f  .sfri.turfs  of  ih.'  urefhra. 
nasal  duct,  and  .isoplia^'iis.  „nd  laclirynial  ol.stnution.    Ol,- 
stru.tion  at  f  li..  pun.tum  or  in  thr  .analinilns  leading  to  Ww. 
liKhrynial  sac  has  l.ccn  cured  ],y  usin<r  th.'  iic^jativ.'  pole 
atfaclic.l  to  a  fine  j.Iatinurn  proLc  passc<l  into  the  punctum 
and  alony  the  canalicuhis,  usiii«  a  current  (,f  2  to  :;  ma. 
Traumatic  sfriefur.'  of  the  ojsopha^us,  <lue  to  cicatricial  nm- 
traction  after  swaHowin^  corrcsives.  has  also  heen  said  to  he 
reheved  l,y  electrolysis   with   tlie   negative  poh-  attached  to 
a   small   olive-shap.-.l    metal    fl.-xil.le    In.uyie    <-overed   with 
rul)l)er  or  clluloi.l  nearly  up  to  its  end.     N(.t  more  than 
•5  (.r  4  ma.  should  he  employ,..!,  f.,r  t.'u  minut.-.s  at  u  time  on 
alternate  days. 

KIIIHOFD.S 
ITterin.'  lihro-niu.mata  ha  v.-  I...en  tr.'ated  hv  Apostoli 
and  his  f..ll..w.-rs  l.y  means  ..f  intraut.-rine  galvanocuusis. 
The  m.'tlwd  is  tr.)ui.I.'.som.'  atid  prolonged,  numerous  sit- 
titifis  l.,.in«  n.-c.-ssary  ;  and  in  th.-  majority  of  cases  tho 
fonditi.,.!  can  Ur  d.-alt  with  Ix'tter  l.y  surjj'ical  operation. 
Certain  cases,  however,  have  l.een  consid.'ral.lv  improved 
l»y  the  intraut..rin..  galvanisation,  especially  ha'morrhagic 
fil.roids.  the  l.I..,.,ling  iMToming  arrested  and  the  fibroids 
diminishing  in  size. 

The  method  is  as  foll.nvs  :  An  intraut.'rine  sound,  made 
of  platinum,  is  passed  into  the  uterus,  under  antiseptic  i)re- 
cautions,  and  is  proti'cted  hy  an  insulation  covering  from 
tlie  vaginal  walls  and  external  parts.  Tliis,  the  active 
el.>ctrode,  is  attach.'d  to  the  positive  pole,  while  the  indifTer- 
ent  electrod.',  or  kathode,  is  appli.Hl  t..  the  anterior  ab- 
dominal wall.  The  kathode  was  formed  bv  AjTostoIi  of 
moist  cliina  clay,  but  this  is  unnecessary,  'ihe  kathode 
must  be  of  large  surface,  and  should  consist  of  a  flexible 
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I.'iul.-.i  |,Iat<'  |()  ill,  h,.s  Uy  7  in.hoH.  Th.-  In-st  way  to  apply 
this  to  th<'  alHloiiiiiial  wall  in  (.vera  shr.'t  of  w«-tt.Ml  cotton- 
wool. This  should  Ix-  cut  a  little  larp-r  than  the  nictal  olcc- 
tro.Ic  and  thorou^'hly  wetted  in  dilute  hot  saline  solution, 
and  then  applie.l  uniforndy  over  the  lower  part  of  the 
alwlomen,  and  the  metal  electrode  <arefully  titteil  over  it 
so  as  to  1m'  in  comi)h'te  apposition  witli  the  wet  wool  over 
its  whoif  surface,  hut  yet  not  touching  the  skin  anywhere. 
(Jreat  care  must  In-  taken  Ix'fore  turninjf  on  the  current 
that  all  the  screw  connections  of  the  wires  to  the  hatterv 
and  the  electrodes  are  quite  tiuht.  Iwcause  with  the 
lieavy  curriMit  used  in  this  treatment  any  sufhfen  interruj)- 
tion  due  to  a  loose  wire  connecti(»n  or  any  otb-r  caus-« 
would  ^'ive  a  serious  shock  to  the  patient.  A  stron^r 
battery  is  necessary  to  provide  the  current,  and  when  the 
electrodes  are  in  jxisition  the  current  must  U-  turned  on 
gradually  until  the  galvanometer  indicates  ",<)  ma.  This 
current  is  allowed  to  flow  for  six  minutes,  and  is  then 
gradually  turned  oflf  and  the  uterine  sound  withdrawn,  a 
vaginal  douche  completing  the  operation. 

The  j)roce8s  should  lie  rei)eat<-d  on  alternato  dava, 
the  int<'nsity  of  current  In-ing  raised  on  sul)s«>(juent  occa- 
sions to  (JO,  fMj,  or  even  J(M)  ma.  It  is  most  important, 
during  the  passage  of  this  heavy  current,  that  the  patient 
should  keep  absolutely  still,  and  that  neither  the  uterine 
sound  nor  any  portion  of  the  apparatus  should  Ik>  moved 
needlessly,  on  account  of  the  danger  of  interrupting  the 
current  and  thus  giving  the  patient  a  sever.'  and  perhaps 
dangerous  shock.  After  the  completion  of  each  applica- 
tion the  patient  should  rest  on  the  couch  for  half  an  hour 
Ixjfore  Wing  allowed  to  walk  about, 

ANELUYSM 

Electrolysis  has  l)een  used  in  the  treatment  of  aneurvsm.a 
of  the  larger  arteries,  as  the  sulK-lavian,  innominate-,  and 
even    the    thoracic    aorta.      Two    platinum    needles    are 
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in.HiTt  ■(!.  witlianfisi-f.tic  |.r.'r..ntior)s.  throuj;li  fh..  wall  c.f  tin- 
s:ic.   fn.m    I    iiicli  t(.  -2  iiich.'H    iipait,   atta.h.'il  t..  nccll.- 
I1..I.I.TS  an.l  th.'  two  polrrt  of  the  hatt-TV.     A  rurn'iit  of 
•"<•    ma.    is   trradually    turnt'd    on    for    U'U    miniit<'.s.    thi'ii 
t-Tadually  ttinird  (,ff  and  tlio  m-.'dl.'s  withdrawn,  thf  j.unc- 
turrs   hi-inu    s"ali..|   with  ff.llodion  jrauz...     Th«'  ol.j..(t   of 
the  frratnirnt  is  to  cause  (lotting  around  the  two  ni'odlos, 
an.l  so  str<-n>rt,i.'n  tin-  wall  of  the  s-ic  and  jrra.hially  ohlitrr- 
utc  tho  patholojriral  dilalati.tn  of  th«'  vcss-l.     Th.'  .lot  is, 
how..v.'r.   r.f   loos"   consist.Micf   an.l   ..f   littl.-    vain."   in   an 
Jin.'urvsnial  sic  with  a  fi.Tc.'  curn-nt  of  I.I.mkI  constantly 
running  throufrh  it.     Th.'  rn.-th.).!  w.miI.I  hav.'  mon-  chanro 
of  sij.c.'ss  in  an  an.'iirysm  of  a  small.T  artery,  such  as  tho 
f.-nu.ral.  I.r.ichial.  or  radial.     In  this  .-asc  th<>  artery  could 
l»e  compn'ss"d  on  the  .listal  si.I.'  of  the  aneurysm  whil.'  th.' 
.'l.'.-trolysis  was  heinj;  .l.)ne.  an.l  also  f..r  two  h.,urs  after, 
ill  ord.'r  that  the  resultant  .lot  niiyht  not  Ik.  washed  away 
as  soon  as  it  was  f.)rnie.l. 
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<ii\iti:r  IX 

ELECTRIC   BATHS 

TKK    GArAAMC    EI.EtTKIC    15A  I'H 

This  treatment  is  applied  hy  inunersing  th-  patient  in  a 
warm  hath  up  to  the  neck,  ami  pa-i,Hinfr  tl     eurn-nt  through 
the  hath  from  end  to  end  h«'t\veen  two  larjje  metil  eL-ctHxles. 
Thj^< ).sitiaL.r li'f t n kU>  is  placed  Udiind  the  patient's  hack, 
and  it  must  Im'  covere<l  with  flu'Miel  or  other  material  to 
prevent  the  metal  from  touching  the  skin.     The  nepitive 
electrode jit  the  foot  (d  the_  hath  net'd-iiot  l)e  :ro  protected 
on  account  of  the  thick  skin  on  the  H!»le  of  the  f.Mit.    Puh- 
lished  calculations  of  the  ])n'portionate  amount  cd  current 
that  pas.se.s  through  the  ])atient's  hody,  as  conipared  with 
whiU  is  wasted  hy  passir)g  through  the  water  only  U'tween 
the  electrcKles,  have  tiiken  as  their  hasis  the  c(»mparative 
resistances  of  the  volume  of  the  water  in  the  hath  and  the 
resistance  of  the  IkwU-,  and  it  is  asserted  that  only  aliout 
one-eighth  or  less  of  the  totil  current  is  availahle  for  treat- 
ment   of    the    patient.     My    own    experiments,    however, 
judging  from  the  intensity  of  the  sensations  felt  and  the 
degree  of  muscular  contractions  produced  hy  reversals  of 
the  current,  indicate  that  only  two-thirds  of  the  current 
on  the  average  are  wasted,  one-third  passing  through  the 
patient's  tissues,  and  that  the  higher  the  voltage  U8<'d  the 
greater  is  the  proportion  of  current  that  passes  through 
the  body.     However,  to  pass  a  current  of  HO  ma.  through 
the  patient's  iKxly  in   the   hath,  it  will   Ix'  necessary  to 
employ  a  total  current  of  at  least  I'A)  ma.     Now,  it  is  prac- 
tically imjwssihle  to  obtain  currents  of  this  strength  from 
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•i  |.rim;.rv  iMff.iv  of  w.-t  r.r  .Iry  .•.Ik  nii.i  iimI.m  u  l.ait.ry 
<.f  thirfy  a.<  iiriiiiliif..r  .  rlls.  niviiij;  Co  v.. Its,  jh  availal.l.-,  it 
will  Im-  ii.-.-.-ssiry  t..  .•mplny  th..  inaiii  .'l.-.tri.-  li^'htint;  .ur- 
n-rifH  for  tlic  purpips.'. 

Tl..'   I...Ht   in.-tli...!   is  ijn.l..iil.t.'.lly  (.•  us-  a   l>,itt.Tv  of 
tliiity  ar.iiitiiilator  .•••lis,  .-ostinif  fr.irii  il'i  t..  ii'ii.     fli.-sf 
will  yiv..  a  |)i..ssuf.'  .)f  t;o  v.ilts.  an.l  tli.>  .nrr.'iit  <ari  !)«•  con- 
v.-m.-iitly  a{ip!i.'<|  l,y  m.-aii.s  of  a  shunt  n-sistaii..-  ..r  rh.-ostat. 
—  With  this  soiirc;-  ..f  .lir..,f  .urn'iit,  th.-  ..r.jiriary  .•iiain.-ll.-d 
full  hath,  with  its  wat."i-ta|)S  ati.l  wasf.-j.ip...  ."an  )..•  iis.-.|. 
iiH  th.T.'  is  no  possihility  of  any  danpT  fr.jin  K-akam-  of  <ur- 
n-nt  to  ..atth  ;    nor  will  th.T.-  Im-  any  .lany.-r  of  th.-  j.ati.'iit 
ii.-.i.l.-ntally  t..ii<hirit,'  an  .-|.-.tiir-lij;ht   swit«-h  or  wat.T-tap 
jvliil..  in  th.-  l)a^    This  in.-tho.l  may  he  s  li.j  t..  Im-  "  fo.,!- 
proof,'^^.]  siirli  a   j;alvani<-   hath  nuy  with  p«-if.'.t  saf.-ty 
!«'  nianipuhit.'.l  l.y  a  niirs.-  or  oth.-r  att.-n.jant.  or  rv.-n  l.y 
tho  pati.-nf,  aft.-r  th.'  way  to  us.-  it  has  Ih-.-u  thoroufihly  cx- 
plaiiK'.l.     If  th.-  house  is  win.l  in  .•..nn.-rtioii  with  th.  (lircct 
••urr.-nt  .-l.-.tri.-lijihtinu  mains,  th.-  a.-,  umulators  n.-.-.I  n.-v.-r 
Im'  nu.v.-d,  an.l  can  !»-  r.-.harj;.-.l  thr..uj.'h  himp  n-sistan.-.-s 
wh.'n.'V.T  nc(-.>ssary,  wh.-n  th.'  hath  is  not  Ix-inj,'  ua.'.l,  usinji 
a  l..<k  swit.h  1..  .-nsur.'  .uttinj;  ofT  the  main  c-«.ntu(t  with 
tlu-  a.<umnlat..rs  wh.-n  th.^  hath  is  h.-inj,'  ust-.j.     Am.th.-r 
saf.'  m.'tho.l  is  to  .Irivc  a  small  DC  .lynamo  l.y  an  rl.'ctric 
niot..r.     Th.'  .lynamo  must   hv  woun.l  to  pro.lucc  half  an 
amj)»-r.'  at   ."ki  v.. Its,  while  th.'  m.itor  t.)  .Iriv.'  it  may  l»o 
W(.rk('.l  l.y  cith.-r  the  alternating'  or  dir.'.  t  current  from  tho 
main.     This  m.-tho.l  will  !>.'  wry  suitahle  for  an  institu- 
tion or  a  hospital. 

It  is  jM.ssil.le  t.»  make  use  of  th."  direct  current  from  tlie 
main  for  f^iving  the  ^'alvanic  bath  ;  hut  si)ecial  experience 
is  n.'cessary,  and  th.'  exp.-rt  must  Im-  pres.'nt  during  the 
wlu.I..  tim.'  tliat  th.'  hath  is  l,.-ing  given.  The  l)ath  should 
ho  mad.'  of  i)orc.-lain,  and  must  have  no  direct  connections 
with  waste  ..r  water  jiipe.  Moreover,  no  water-tai)  "^  f'<'C- 
tric-Iiyht  switch  must  I>o  within  reach  of  the  patient  when 
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in  thf  hath,  or  n  fatal  shcKk  mi^ht  n'sult.  This  may  hap- 
jM'ii  in  th<'  following  way  :  otw  of  tin-  |kiI»'h  is  gnxTiillv 
»'arth«Ml  at  th<>  jxiwiT-hnusp.  an  in  th»'  Mirylclntno  Hiipply, 
and  th<'nfon>,  whm  tho  l>ath  is  ronnrctcd  l)y  win-s  thrntiuh 
a  shunt  n'sistann*  t«i  a  wall-phijr  «>r  ntht-r  <'lt'<trir-li>iht 
Hwit<h,  if  th«'  pole  that  is  coniii'ctfd  to  th«'  zt-ro  «ir  riylit- 
hand  ••tid  of  the  shunt  rt'sistancc  is  not  thf  s:»im<-  as  that 
wliiih  is  carthnl  at  tho  station,  th«'n  tht'r«>  will  hr  an  iinni«'- 
diat4»  rush  of  current  iM-twcm  tho  wa.st«'  or  water  pipe  which 
is  connected  to  earth  and  the  win-s  of  the  apparatus,  and 
the  patient  may,  or  may  not,  feel  the  eflfe<ts  of  this  powerful 
current,  accordinj;  to  his  position  in  the  l)ath  witli  relati«»n 
to  the  line  of  tliis  current.  Kven  if  neither  jKile  is  earthed 
at  the  station,  there  is  usually  sufTicient  leakaK«  to  earth 
from  the  caldes  to  juake  such  an  earth  current  extremely 
danj,'erous.  If.  for  instam-e.  while  imnu'rsj'd  in  the  water 
h«  were  to  touch  either  the  cold  or  the  hot -water  pi|M',  h« 
would  net  a  dangerous  shock.  The  operator  shtiuld,  there- 
fore, always  test  his  apparatus  after  connecting  it  t<»  the 
wall-j)lu>,'  or  other  source  of  the  electric-liffliting  current, 
to  ascertain  whether  the  pole  connected  to  the  jwro  end  of 
his  shunt  resistance  is  the  same  as  that  whi<h  is  earthed  at 
the  station.  Wlien  that  is  so,  there  can  1m'  no  danf^er  of 
any  accidental  shcK-k,  if  Uie  patient  should  touch  n  wat«'r 
pipe,  or  even  if  the  bath  itself  is  connected  directly  to  earth 
through  the  waate-piiw. 

The  method  of  t<'stinp  will  Ik?  for  the  oprator,  after 
connecting  his  shunt  rheostat  to  the  wall-plug,  to  turn  on 
the  switch  and  then  lightly  to  touch  with  the  dry  fingers 
of  iKith  hands  a  hinding-screw  of  his  apparatus  and  a  wat<'r- 
tap.  If  he  feels  a  strong  burning  wn.sation,  then  the  earthed 
pole  is  not  the  one  which  is  connect<-d  with  the  zero  of  his 
shunt  rheostat,  and  to  put  matters  right  he  must  now  re- 
verso  tho  two-pin  wall-ji!'.!!;,  so  tluit  he  rewrsfa  the  polo 
connected  to  the  zero  of  his  rheostat.  When  this  jnt.sition 
of   the   wall-plug    has    l>een   ascertained,    it   should    Im'   so 
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mark,.,    that  ,t  may  always  }„.  insortinl  i„  the  sam,-  wav. 
\\.th  th..  sh.l.nK  <onta,t  H,,rin«  also  at  zero,  he  mav  now 
t..iu-h   with  impunity.    ev,.n    with   wt   hands,    u   l.in,lin«- 
Hc-rew  and  water-tap  at  the  s  .me  time  ;    there  can    1k>  no 
•lander  of  any  .shock  to  the  patient  from  an  earth  current 
an,    the  availal.l,.  curn-nt  for  the  Lath  will  h,.  entirely  con- 
troll,.,!    |,y  th,.   sii.lin^r  sprinp  contact.     With  a   properly 
;'""">«-II«"l    »>ath.   an.l    the  enamel    not  .InpfM-d   anywhe/e 
•<'l(.w  the  surface  of  th"  wat,.r  when  fille,!  to  the  desin-d 
heiKht.  the  orifi,.e  of  the  waste-j.ipe  at  th,-  foot  en,l  of  the 
;>uth  w.ll  he  th,.  only  metalli,-  ,.ontact  with  the  water  to 
<'arth,     an,l   it  will   I,,.  po.s.sil>le  for  an  exp.rt  to  make 
us,,  of  .such  an  onlinary  full  hath  as  a  hydro-eh-ctrio  pilyanic 
Irnth.  usMifr  th,.  •lin.ct  cu,r,.nt   ,.I,.ctri,^-lifrl»t  mains  as  the 
.s....r,-..  of  th,.  supply.      T^nder  tlu'se  co,.,litions  the  orifice 
of  the  wast,.-,„pe  will    act  as  the  footplate,  an,l  only  one 
win   an,l  ,.l,.,tro,l..  joininj;  the  shunt  rheo.stat  to  the'  hath 
IS  to  1m'  us-d. 

The  m,.tho<l  of  usin«  th(.  main  ,urn>nt  in  this  cas;^  is  as 
follows  :    a.ssuminf,'  that  an  ,u-,Unarv  platinoid  wire    shunt 
rh,.ostat  ,s  us..,l.  with  .safc.ty  lamp,  swit.h.  piKanometer, 
and  curn.nt  n.y,.rs..r  in  the  circuit,  the  first  point  to  ascer- 
t:iin  IS  whuh  p,.l,.  is  ,.arth,.<l  at  th,.  station,  as  upon  that 
<hpfii,ls  wh,.th,.r   the    f,.otplatc-that  is  to  s:iy,  th,'  orifice 
of  th,.  waste-pipe-will  he  positiye  or  .H.^atiye.     First  see 
that  the  tvvo-p,n  wall-plutr    is  insert,.d  jiroperly,  .so  as  to 
av<.i<l  all  .lanjrcr  of  .sho.-k  from  the  earth  curr,.nt,  as  alK.ye 
<h-scnl,..,l  ;    th,.n  tak,.  a  l.asin  of   water,  atta,h   on,"  wire 
to  eith..r  of  th,.  two  l.in.lin^  s.rews  of  the  rh,.,.stat,  and  let 
th,.  other  e,ul  of  the  wire  ,lip  in  th,.  wat,.r.    Tak,.  another  win. 
an,I  l,.t  ,.ne  ,.».!  ,]ip  into  th,.  wat..r  clo.se lH.si,Ie  hut  not  t,)u,h- 
M.>r  th,.  oth,.r  wir,..  whil,.  its  ,.th,.r ...ul  is  hel,l  in  content  witha 
water  or  uas-tap.     The  sli.linj,  ,.ontact  .s,,rinfr  is  then  push,.,! 
alony  .s,„ue  .l.stan,,..  an,l  th..  two  ,.n,ls  ,.f  th,.  wir..s  ,iippi„,, 
'-.  ..  th,.  water  an.  wat.-hd.    H„M.|,s  cominj:  off  on,,  of  them 
^^'11  ".di.at,-  that  to  he  the  n,.gatiy..  ,,.,|e.     If  „,ith,.r  giyes 
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off  liulildcs— that  is  to  smv,  if  no  current  is  pii8sin>.'— tlu'n 
switching  over  the  rurront  rt'vcrsor  will  at  once  start  th«' 
current.  If  the  wire  that  is  '  arthed  is  negative,  thon  the 
hath  electrode  aiid  its  wire  i  t  W  attached  to  the  iM)sitive 
hinding-screw   of   the   rlu-os  (X.B.—The  sign   of  the 

rheostat  hindifig  screws  will     my  according  to  the  method 
of  insertion  of  the  two-pin  wali-pIug,  and  must  Ite  deter- 
mined l>ef<)rehiind  f«.r  the  particular  position  of  the  wall- 
plugs  that  are  l)eing  used  at  the  time.)     Even  now,  although 
a  current  is  passing,  a  current  wliich  increases  in  intensitv 
as  the  sliding  spring  contact  is  pushed  further  along,  yet 
the    galvanometer    may   indicate    no   current    l>ecause    the 
galvanometer  circuit   is  only  connected   with  one  of  the 
poles.     If  this  is  the  ca.se,  the  wire  to  the  hath  electrrnle 
must  he  taken  out  and  attached  to  the  other  l.inding  scn-w 
of  the  rheostat,  and  the  curr««nt  reverser  swit<hed  over.'  .Ml 
the  wire  connections  are  now  in  order,  and  the  galvano- 
meter will  indicat*'  accurately  the  amojint  of  current  that 
is  heing  u.sed  in  the  hath.     This  nietluxl   is  perfectly  safe, 
and  no  .shock  from  an  earth  current  is  possible,  since  the 
earthed  pole  is  the  s  ime  as  that  which  is  connected  to  the 
zero  end  of  tlie  rheostat,  so  that  it  comes  to  the  same  thing 
whether  the  z  -ro  end  of  the  rheostat  or  a  wator-piiK'  is  con- 
nected to  the  hath  as  one  of  the  p<jle8. 

As  the  description  of  the  method  given  a]>ove  will  show, 
it  will  n>quire  some  electrical  knowledge  to  make  u.se  of  an 
ordinary  hath  for  giving  a  galvanic  hydro-electric  hath,  when 
using  the  electric-lighting  mains  as  the  source  of  the  elec- 
tricity. With  that  exception,  the  only  jKiint  against  it  is 
that  tlie  direction  of  the  current  cannot  he  reversi-d,  hut 
will  dejwnd  entirely  on  whether  tlu'  earth  current  is  jK)si- 
tive  or  negative.  The  earthed  pole  will  not  necessarily 
be  the  same  for  all  the  houses  in  thi'  same  district; 
neighbouring  houses,  or  hous's  on  the  opjx.site  sides  of  the 
sime  .street,  may  difTer  in  the  sign  of  tiie  earthed  pole,  and 
it  must,  therefore,  he  determined  s-paratt-ly  f«.r  each  house. 
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Ihr  clifToroncc  ariM-s  fro,,,  th.-  fact  that  mini'  .liKtrict.s  an- 
supj.Ii.nl  on  th.'  "  thrre-wir..  systom  "- r.y..  Miryl.'lu.,,,. 
wh.T..  th..  tw(.  untvr  vvin-s  liavo  a  <lifr..n'„c,'.  .,f  p^trntial  of 
■1.^)  volts,  whih'  .Mcli  o„trr  win'  (liff.TH  fro,n  tho  mi.hlh. 
w,r<.  hy  o„Iy  i.'4..  volts.  Th.-n-f.-ns  th<-  nii.hll,.  win-  will  k- 
jM.sitiv..  to  o,H.  oiit.T  wins  a„(l  „».^ativo  to  the  other.  S«,m.' 
hous.-s  will  n-c..iv..  th.-ir  rurrcnt  at  2J(»  volts  from  tho  n.i.hll,. 
win.  a„.l  o,u.  of  th,.  oufr  wiros.  while  an  equal  „„n,lH.r  will 
r..,riv..  th.-,r  electri.-  supply  fr..„i  tho  mi.hlle  wire  and  the 
other  outer  win-.  Thu^.  if  the  n.i.Mle  wire  is  the  pole 
tin.t  ,s  earthed  at  the  stati.,,,,  the  earthed  pole  will  ap,,ear 
to  he  positive  m  so,ne  liouses  and  nef;ative  in  otlier.s  The 
8tn.nj,M.r  .-urn-nt  at  .}S(,  volts  is  used  for  p.,wer  purposes 
for  .invin}.'  n.i.tors  of  five-horse-j,ow..r  and  upwards. 

With   a   pn)perly  insulated   porer.lain    hath,   the   waste- 
pip.'  .l.H^s  not  .•..un,.ct  .lin-.tly  to  th.-  hat  h.  hut  to  a  porcelain 
or  .'arthenwan-  jrully  into  whi.h  the  hath  di.s.harf;<s.      :iV 
wat..r-taps  an.  p!a....i'  at  a  littl,.  .listanc.-  fn.n,  th..  hath  and 
an.  .•.,v..n.,l  with  il...xil.le    ruhlM-r   hos.'-pip...  thn.u^h  whi.h 
th..  hath  ,s  fill...].     Even  with  th.-se  saf.-^uanls  ajjainst  anv 
ac.i.h.ntal  l.-aka^'.'  t..  ..arth.  .'an.  sh.ml.l  alwavs  U-  tak.'U 
to  see  that  th.-  tw..-,)in  wall-plu^  or  oth.-r  atta.hnient  of 
th..  .shunt  rh.'o.stat  to  ti,.'  ..l,..tri.-l,>htinfr  mains  i.s  so  fixed 
tliat  th..  p.,1,.  that  is  ..a'th,..l  at  the  .station  is  the  same  a.s 
that  attach...!  t..  the  z.-n.  .-nd  of  th..  rh...,stat.  m  that  when 
th..  .  urn.nt  is  swit.h..,!  on  an.l  the  .sli.linp  .spring  contact 
IS  also  at  z..n.,  no  sh...k  is  f..lt  with  wotted  finu..r.s.  one 
plac..<l  .„,  „„..  .,f  th..  l.in.liuK  s'lows  ul  tho  rlieostarand  the 
oth.-ronawat-.r-taj).     If  tl, is  precaution  Ik.  taken,  th.-n  there 
IS  m>  p.>ssil.Ie  .h.n^rerof  an  i.ci.h.ntal  .•<.,inecti<.n  ..f  the  hath 
to  ..arth  whil..  the  i,ati..nt  is  still  in  th.'  hath.     'Hiis,  f.,r  in- 
stan.'..,    may   ..asily  ....ur  hy  <lis.har-in^   the   hath   water 
throu^rh    th..  wast.-pipe  In.foro  tlie  pati..nt  has  pot  out  of 
the  hath,  the  .•.,lumn  of  wat.T  th.-n-hv  .'stahlishing  an  earth 
ronn...t,.m  ;     or.    again,    l.y    turninir   .u,    .s,m,e    more    h.,t 
water    aft.r     the     pati..nt     h;.s    got    int.,    the    hath.       If 
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thp  rheostat  has  lioon  arranged  as  deserilwd  alxive,  so  that 
the  zero  end  correspondfl  with  the  earthed  pole,  the  liability 
to  shock  will  Ik-  lessened.   The  risk,  though  not  of  a  danger- 
ous nature  in  that  case,  cannot  l)e  enti«>ly  done  away  with, 
becaus*'  the  sudden  earthing  of  one  end  of  the  bath  l)y 
means  of  the  incoming  or  outgoing  stream  .,{  wat«'r  must 
interfere  with  the  stn'ngth  of  the  (^rn-nt  passing  iK-tween 
the   two  electrrxles  already  in   the   bath,   since  an  alt<'r- 
native  path  for  the  current  is  aflforde<l.  and  thus  the  sudden 
diminution  of  current  passing  through  the  patient  will  be 
felt  as  a  shock,  which  would  l)e  decidedly  unpleasant  when 
20  ma.  and  more  were  being  used.     With  an  insulated  por- 
celain hydro-electric  bath  it  is  a  good  plan  to  have  a  switch- 
board arranged  in  connection  with  four  pairs  of  electrodes 
along  the  sides  of  the  hvAh  (positive  on  one  side  and  nega- 
tive on  the  other),  so  that  more  current  can  be  concen- 
trated, if  necessary,  through  the  legs  or  lower  half  of  the 
body. 

/This  methotl  of  applying  general  electrification  to  the\ 
whole  !)ody  by  means  of  the  hydro-electric  galvanic  l)ath 
will  l>e  found  exceedingly  useful  in  the  treatment  of  lum- 
bago, chronic  sciatica,  and  chronic  muscular  rheumatism  ; 
and  the  effect  of  this  form  of  application  of  the  galvanic 
current  is  notably  to  diminish  the  pain  of  a  neuritis.     It 
will  also  be  found  of  decided  value  in  certain  states  of  debility 
'ii^^„3°®'"'«»  i"    palpitation    and    tachycardia,    Graves's 
disease,  Raynaud's  disease,  and  multiple  neuritis.     In  cases 
of  local  neuritis  in  which  it  is  desirable  to  stimulate  mus- 
cular contractions,  the  hydro-electric  galvanic  bath  is  less 
desirable  than  local  treatment  of  the  limb  with  galvanism 
by   the   labile    method.     When   administ<'ring   the   hydro- 
electric galvanic  bath  the  temperature  of  the  water  should 
be  alx)ut  UXf  F.,  and  the  patient  should  not  Iw  kept  in 
the  bath  on  the  first  occasion  for  more  than  ten  minutes, 
though  this  may  be  increased  with  advantage  on  subsequent 
occasions  to  twenty  minutes, 
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ijr)8  ELECTRICAL  TREATMENT 

F(»ri{.CKI,L  OK  srilNl^E  liATH 

Ft  is  (ift-Mi  iri<-  inv.Mu.'iit  f(.r  a  patient  to  taki-  a  full 
Irntli.  and  a  fur  siii.stitut"  for  tlu'  full  l.atli  treatment  in 
inuny  eonditions.  (■Hpecially  in  neuritis  atfettinfi  the  liml.s, 
iHth.'  four-cell  l)ath,or  Shnt*"  l.ith.  Tliis  is  an  arran^.^nienf 
of  four  smill  hitlis.  on  •  for  <M<h  liml),  eaefi  of  which  i.s 
litted  with  a  cirhoii  or  copper  r'jectnxle  connected  hv  in- 
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sulated  wires  to  a  cet  fnl  switdiLoard.  The  l.aths  an*  made 
of  porcelain  or  eartheiiv.  ,.n>.  the  fo.it-l.aths  Ix-inj.' suHi^-iently 
dee})  t(.  hol.l  the  l..;r  „p  to  the  kn  'e.  while  the  arm-haths  are 
al.out  t;  inch,  s  d..,-p  l,\  .s  in.lH.s  wide.  an<l  |(.n^  enoujih 
to  take  thi'  fore.irin  fvoni  the  .■ll.ow  t<.  the  tips  of  the 
exteml.  I  (liitrers:  that  is  to  s:iy,  -Jd  inches  insi<h'  mea- 
surement Til"  two  arm-haths  are  Hxed  at  a  convenient 
hei>;ht  (Ml  the  arms  ..f  ,,  stout  chair,  so  that  the  patient 
can  sit  in  the  ch  lir  with  the  forearju  on  each  side  immersed 
up  U>  the  ell.ow  It)  the  hath,  and  the  feet  and  leys  placed 
one  in  each  of  the  foot-haths.  T!ie  l.aths  are  tilled  with 
hut   water,    in    which    may    he   dissolved   certain   salts   for 
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rm-dicat.-.l  l,„fhs.  su.h  uh  lithium  .hlori.l..  for  tlu-  tt-atnu-nt 
of  U'nity  j„ints.     Tli."  .switrl.lK.ar.l  is  tix.-.|  at   th-  l.a.k  <.f 
th."  .Iiair.  and  is  .„n„.-.t..,|  f.  tlir  Lattrrv.  wlii.l,  ,„ay  1„. 
.•ithrr  pilvani...   far,,.lir.   simj:!.-  or    thnv-phas...   sinus..i,|al 
or  ]j'<Uir  alt<.ri.atin{r.     Th-  Hwit<-hlK.ard  is  s..  arrariK.'.l  that 
th.'  two  ann-haths   an-  ro„n,.,  h-d  to  th.'  p..sitiv,.  .-I.MtnKln 
an.l   tho    foot-Laths   to   th.'   n.'jrativ...   or   rirr   ,rr.sa.      This 
m.'th.Kl  of  applyir.u  yalvariisni  has  cTtain  a<iN- .nta^.'s  ov.t 
th.'    full   ^'alvani.-    hath,    iK'sid.'s    th.'   saving   of   tmuM,.   in 
th.'   matt.T  of  th.'   pati.'nt   un.inssinjr.    for  .>i,lv  th.-   Loots 
ancl  slo,kin{;s   n,.,..!    L.>  tak.'n   off  a.i.j    th.'   sI.tv.'s    tuni.'.l 
w|)  aLov.'   th.'  HLow.      In   this   f..rrn   of  ap|.lirafi.,n   of  th,. 
<nrr..i.t  th.'r.'  is  n..  wasfaj;..  of  .'l.'.tri.ity,  as  all  th.-  .urr.'.it 
thiit   IS   us,',l   prss,'s  thn.u^'h    th.-   liniLs  an.l    Lo.lv  of  th.- 
pat...Mt.     Th..   stH'tifrfh   of   th.'   ,urr.'nt   slu.ul.l.    t"h.'n'fon>, 
ranfj..  fn.m  a  minimum  of  7  or  s  ma.  t.)  a  maximum  of  A 
to  ••;<»  ma.,  though  with  this  stron^.-r  (urrcnt  ur.'at  .-ar.'  must 
Ih'  takfn  not  to  Ln-ak  .)r  interrupt  th.'  .urn-nt.  an.l  all  th.' 
ronnoctions  of  th.-  wins  must  Im-  larcfullv  att.-nd.-.l  t.,  and 
scrowcd  up  Uiihtly.  as  sh.)ul.l  .>n».  connection  slip  or  Ln'uk 
th..  pati.'nt  will  p-t  a  viol,-nt  sho<k.     With  .stronji  .urr.-ntH, 
m..r.'ov.'r.  th.'  skin  is  apt  to  .r.-t  son-  at  th.'  wat.-r  h-v.-l.      If 
onlv  th,'  l..jrs  r,',,uir.'  tr.'atin^.  th..  arm-Laths  n.-,..]  not  L,. 
us,.d.  an.l  on,.  l.-^-Lath  ,an  Im'  ma.l.'  positiv..  an,l  th,'  ..th.-r 
negative.     With  this  arranc,.m,.nt  a  mechani.al  int,.rrup- 
t..r  or  alternator  .-an  l«.  in.serted  into  th.'  .ir.uit  s..  as  t,. 
int.'rrupt  or  r,'V..r.s.'  a  .urn-nt  of  .",  t..  ^  ma.  on,-,-  a  second 
or  s..  for  th,'  tn'atment  ..f  wast.'.l  mu.s-l.s  ,lu,.  to  neuritis 
or  other  .-au.s.'s. 


LOCAL  ARM-  <»K  LEG  UATHS 
Two,  three,  or  fo  ir  of  the  e.'lls  ..f  the  Shn,'-,-  f.ath  may 
Le  made  use  of.  Thus,  on.,  arm  an.l  le^r  mav  In-  tr.'at.-.l  f..V 
hemipKna  in  an  arm-  an.l  a  l,.fr-Lath  Lv  th.'  sinu.s.,i,lal 
current,  or  one  arm  a -id  U.th  1,'^^  Ly  th.-  thr.-.'-,,ha.s..  ,ur- 
rent  ;   or  lM>th  arms  in  the  two  arm-Laths  Ly  galvanism  for 


2(50 


ELECTRICAL  TREATMP^NT 


rheumatoid  arthritis  or  for  Rayiiaud'H  diwasc.  If  one  limh 
only  requin's  troatmont,  such  as  on»'  arm  Ity  jjalvaiiism  for 
writ^'r's  cramp  or  for  neuritis,  tho  two  ploctrrwlcs  may  l»oth 
«lij)  into  the  wat<'r,  ono  at  each  end  of  the  arm-hath,  or  ono 
flexihie  electrode  may  Iw  fast<'ned  al>ove  tJie  cHkjw  to  the 
arm  almve  the  level  (»f  the  water.  If  hoth  electnxl.'S  dip 
into  the  water,  the  jtositive  electrode  shouhl  dip  into  the 
wat<'r  iK'hiiid  the  patient's  elhow,  and  the  negative  or 
kathode  near  the  fin^erH.  The  strenfith  of  the  current 
pa.ssed  through  the  hath  should  Im«  ahout  Jo  to  L'r»  ma., 
though  it  is  to  1m>  reinemln'red  that  not  the  whole  of  this 
amount  passes  through  the  arm  it.self- prohahly  only  ai)out 
one-third. 

This  })oint  I  have  test^'d  in  the  following  manner,  wliicli. 
if  metre  open  to  errors  of  inaccuracy,  is  certainly  lufire  prac- 
tical as  regards  its  application  to  the  treatment  of  patients 
than  the  pulili.shed  calculations  of  the  cf)mj)arative  n'si.st- 
ances  of  tlie  body  of  the  patient  and  of  tlie  wat^-r  contained 
in  the  bath.     The.se  latt^-r  calculations  seem  to  show  that 
the  body  of  the  patient  carries  only  one-tenth  of  the  curn-nt 
passing   between   the  electrodes  in   the   bath.     I  j)artially 
filled  an  arm-bath  to  a  (h'pth  of  .{  inches  with  warm  wat<>r 
at  a  t<>mperatun'  of  100°  F.,  and  i)laced  the  positive  elec- 
trode, a  fiexilde  metal  j)lat<>  covered  with  chamois  leather, 
at    the    Itottom    of    th«'    wat^r.     The    negative    electrode, 
exactly  similar  to  the  other,  aft<>r  being  thoroughly  wettvd, 
wa.s  a])plied  tightly  to  my  arm  above  the  ell)ow,  and  I  then 
placed  my  hand  in  the  wat<»r  spread  out  over  the  jM)sitive 
electroile,  the  wat4'r  just  covering  the  hand  entirelv.     The 
current  was  then  turned  on  gradually  until  a  definite  stn>ngth 
of  sensation  was  experienced  in  the  hand,  and  the  numln'r  of 
milliamperes  was  note<l  by  my  assistant.     The  two  electrodes 
were  next  placed  vertically  in  the  wat^'r  at  the  ends  of  the 
bath,  the  negative  at  the  elbow  end.  and  then  I  placed  my 
fon'artn  in  the  bath  so  tliat  the  wat<'r  covered  it  completelv 
up  to  the  elbow,  the  fingers  just  touching  the  positive  elec- . 
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trode.     Th(«  curivnt  was  then,  as  »)fforf,  turned  on  gradu- 
ully  until  I  noted  that  the  degree  of  the  sensation  in  the 
Imnd  appeared  to  he  the  same  as  l)efore,  my  assistant  noting 
the  reading  ol  the  galvanometer.     The  two  readings  were 
'!  and  IH  ma.  respectively.     The  experiment  was  again  re- 
{M'ated.  with  a  stronger  degree  of  sensation  for  comparison. 
The  readings  on  this  occasion  were  12  and  .'].">  ma.     It  is 
thus  clear  that  a  larger  proportion  of  the  galvanic  current 
pa.*sing  JM'tween  the  electrodes  affects  the  tissues  of  the  fore- 
arm than  th<'  published  calculations  of  the  comparative  re- 
sistances of  the  patient's  body  and  of  the  bath  water  would 
lead  one  to  e.xpect,  and  I  feol  assured  that  the  statement 
that  only  one-tenth  of  the  current  used  is  ])erceived  by  the 
patient  rests  on  insufheient  grounds  and  faulty  deduction. 
If  faradism  Iw  used  instead  of  galvanism  for  the  com- 
parative test,  it  will  b«'  found  that  a  very  small  approxima- 
tion of  the  secondary  coil  to  the  primary  is  needed  to  pro- 
duce the  same  sensation  in  the  hand  and  the  same  degree 
of  muscular  contraction  of  the   forearm  when  the  whole 
forearm  is  dipp«'d  in  water  between  the  two  electrodes,  as 
when  the  hand  only  is  in  the  water  and  the  other  electrode 
is  fastened  al)ove  the  elbow.     Thus,  in  my  own  cas«s  with 
the  hand  only  in  water  and  one  electrode  fastened  almve  the 
elbow,  I  noted  the  strength  of  sensation  when  the  coil  was 
distant  7")  mm.  from  the  primar}-.     With  the  whole  fore- 
arm immersed,  and  both  electrrnles  dipping  in  the  water, 
one  at  the  elbow  and  the  other  at  the  fingers,  the  mime 
degree  of  sensation  was  experienced  when  the  secondary 
coil  was  distant  »;7  mm.— that  is  to  say,  only  al)out  a  quarter 
of  an  inch  nearer  the  primary.     Using  the  primary  faradic 
current  instead  of  the  secondary,  the  same  degree  of  sensa- 
tion and   muscular  contraction   was  exiK>rienced  with  the 
soft  iron  core  withdrawn  r.-J  and  Tx)  mm.  n'sjn'ctively  ;   that 
18  to  say,  when  the  whole  forearm  and  the  two  electrodes 
were  in  the  water  the  soft  iron  core  of  the  primary  had  to 
be  pushed  in  only  half  an  inch  to  strengthen  the  sensations 
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'"  [I.-  .-..,...  .l..«n...as  wl.,.„  „„|y  th..  hand  was  in  th.  wat.r 
;;;;'  ""■  '"'"^  "''•••'^"•'-  --^  f-f-n-l  t..  th.  arm  aWv.  the' 
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Prof-ssor   I  ...lu-   of   Nant,..s  has  .l.-vrs-.l   a„   apparatus 
'•y  "..^n.  ..f  uhnh  an  ..l,.,rn.  nu.tor  i.  „ud.  us.M,f Vn  or.!..; 

'■'7''' "•'•^"'•^  •"•  ""•'•^•••'•-  t»'..  .Iin.,-ti,.„  of  a  roMstant 

^'■.Ivan.r  .um-nf.  at  varying  .s,„...,|.h.  Th.  n.rr.M.t  that  in 
•-I  to  ,lr.y..  th-  ,n.,tor  ,.s  .pnt.  s.-parat.  fnm.  that  whi.h 
H  u.s..,l  ,n  th..  transfonnin,.  portion  of  th.  instnnn.nt  an.l 
th<.  Iatt..r  ..urr-nt  „.ay  I...  su,.pli...l  .Mth-r  from  a  ...nstant 
nmvnt    ,att..ry.  .„•  through  prop.r  n...i.stan....s  an.i  a  volt- 

;  ;;  ;;  ""  ^'""  f '";  .•"""""  "^  ^''"  "''•<'n.-li^htin«  main.. 
""  "'"•"■  "7  '""•*'•'-"  •'>■  -itlHT  alt.-rnatin,.  <„•  .lin.ct 
••••"vnt    a..,.onlin,.  to  hs  d.sijrn.  or  .v.n  han.l-pow.r  mav 

•••■  ns".l  to  rotat,.  th..  ,,an>f..rnH.r  l.y  m..ans  of  a  uh....|  anil 
-""••''•  .'-nn..     Th..  ..,r....t  of  ,h..  M.t..rrupt...|  or  r..v,  J, 

J^.|l-.msm  on  mns  1..  H  ,o  ,.aus..  t,..an.,.  ..ontra.  t,ons.  som..- 
I.it    sun.lar    to    th.-v  pro.lu.v.l    l.y  ,h..    fara.li,-   ....rr-.nt 
"-.,h  th..  .nt-.nsity  an.l  ,„ahty  of  th-  ..fT.-t  on  ..Jy 
""•     ""'f'"'  ".'rv,..s  .l.th.rs  sonu-what  a.vonlin,,  as  th.  r«r- 
r.-nt  ,s  ■nt,.rrupt,.,|  or  r.v.rs.,1.  an.l  also  a,ronlin«  to  th. 

'';';';'"'^" '•■  ''"'■"""»  -^  »»>..  ,.onta<ts  an,l  to  th.  sp..d 

'•^    J--^'r(l<VN).     Wh..n  th.  mot..r  is  us..,|  t.>  / 


/•w 


,,/  ,1.         I  "     ■  '•"'  ""."■>•  •"  inter- 

/>'  t'^-  K..lvan...  .urn.nt.   th..  s, I  of  th-  int.rruptions 

an     .,,.a.l,.a,,..|  l.vr.sistan,..s  in  th..  motor  nn.ni    from 
"'"•"^  "  ^"   "■'•  l>-'-  .v.on.l.  ..a-h  r..v..|,.tion   hr-akin,.  ,| " 

:7''"''7-^'r\  '^^  ''''•^'•'■-'^'''•'■••'''^'''-P'-tionoft^ 
-•' -t  n,  l.ru,sh..s  th,.  .Iurat...n  ..f  ....nta.t  .-an  I..  I..n^th..n.d 
;;;;^7  ;''■•"' ''•^^'^-'-^f''--'-.uart..r.r.v..,ut.L.f 

'"V  ;""'""•    ' '"^''"-'l  ••'"'"••• '"••'•m.ntar.  appli,.a. 

^''''' '''.'''•••■'''■-''■  -'-'^•'•-,Mnt-rvaiM.wh,..hn....u^^^^^^^^^^^^ 
's  passu,.,  or  a  lo„.  .onta.t  an.l  a  mon-.-ntarv  l.r..ai<  .,f  th. 

'■"T"'"-  ;",;""   ^"■"•''""-'    '-'-..n    th..s,.   two  ...xtr..m.s 
M'.h  as   hall   .onta.t   an,l   half  n.t.rval.     It   ,s  d.-ar  tint 
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when  the  motor  is  runnintj  nn«l  pr.Klu.inK'  int.Trupti.,ns 
in  thv  Kulvaiuc  .urrrnt.  th-  avcruK.*  curn-nt  a«  in,luat,.,l 
by  the  KalvanonM't..r  will  vary  acvonliii^r  t..  th.'  n^la- 
tivo  (luratioiKs  „f  .ontact  and  interval.  Thus,  with  th- 
machine  t^'Mted.  when  the  motor  wa.H  at  rest,  a  .urrent  of 


fV  M.  -Tlio  Li'dii.'  ni..t..r,  with  iiitfmiptor. 

14  ma.  wa.s  arran^'e.l  to  How  throujrh  a  H.xed  re.sistaiue  ;  the 
motor  was  then  .starte.l.  and  it  was  foun.f  that  with  the 
hrush.'s  arranged  for  the  longest  eonta.t  the  current  fell 
to  V2  ma.,  while  with  a  contact  of  one-quarter  (the  galvano- 
met.>r  imlicated  only  ;3..-.  ma.,  the  sfx.-d  of  the  mr.tor  making 
no  difference. 

Motor  effects  of  interruptions.       The    strongest 

mu.scular  .  <.ntra.tions  are  pr.Kiuced  J.v  arranging  the 
l.ru.shes  for  ..ne-tenth  rontact,  an<l  nine-tenths  inf.Tval 
with  no  current,  an.l  a  slow  sjK'ed  of  the  motor.  giMng 
.;(»  to  to  interruptions  per  second,  with  a  descending  curriMit 
along  the  limh.  This  was  tested  with  wet  electrcnles 
upon  the  muscles  of  the  f(.rearm.  ami  using  short  contact 
and  slow  speed  of  the  motor,  giving  al.out  l,,s<M)  inter- 
ruj.tions  per  minute,  the  nia.Ximum  current  home  was 
1  ■»  ma..   l.eing  ahout    ecpial    in    sen.sory   effect    to   ]S   ,„a. 
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without  int«Tru|»ti«(riH.  The  muHruliir  effect  jh  much  stronj^rr 
ftt  the  kiith«Mh'.  and  as  the  |M'ri(«l  of  contact  of  tho  hruHhcH 
was  incrcaHf.I.  ho  the  niuHcular  and  Hf-nnory  f'ffcct  dimin- 
ish<'<l.  wliilc  at  the  Hitnc  'uno  the  current  incn-aMed  from 
l'.')  to  12nia.  This  rliminution  of  the  effect  with  htnji  contact 
Ih  mt»n'  noticeable  at  h'jjh  Hpeed  than  at  low  speed,  when 
the  diminution  is  only  HJi^ht,  and  it  is  noticeable  lK»th  at 
the  kathfMle  and  the  anmle.  With  maximum  <ont«ct  and 
usiun  a  current  of  1  ma.  or  a  little  Iosh,  tho  muscular  effect 
in  the  thenar  eminence  is  only  just  ixTceptihle  at  the 
lowest  speed,  and  is  diminished  to  the  vanishing*  jM>int 
at  hi^h  HjM-ed.  With  u  current  of  2J  ma.,  there  is  fair 
tetanus  of  the  thenar  eminence  at  the  lowest  speed,  which 
does  not  di.HapjH'ar  entirely  at  the  hif^hest  sptfd  of  the 
motor— Kk)  interruptions  }K'r  second.  With  short  con- 
tact, strong  tetmus  of  the  thenar  mu.sdes  is  pr<Kluced  l»y 
the  kathode  with  a  curn-nt  of  only  1  ma.  at  low  sjH'cd. 
With  the  hifih  s|M*ed  the  contracticms  an'  less. 

Sensory  effects  of  interruptions. -On  placing!  one 

electrode  on  the  cyeliall  in  onh-r  to  stimulate'  ihe  retina, 
and  the  other  (»n  the  wrist,  u.sin^'  a  weak  current,  it  was 
found  that  with  lK»th  kathode  and  anndo  the  retinal 
effect  was  stronjrer  with  very  slow  int^-rruptions  and  lonf? 
contact  than  with  short  contact  ;  hut  with  more  rapid 
revolutions  of  tlw  motor,  prmlucing  l.H<K»  to2.<t<M)  interrup- 
tions per  minute,  the  retinal  stimulation  ap|M'ared  stronger 
with  short  (contact.  The  total  sensor}-  effect  on  the  retina, 
however,  diminished  as  the  sjM'ed  of  the  motor  increasi'd, 
HO  that  with  8.(MK)  interniptions  jH-r  minute  a  current, 
which  produced  bright  flashes  of  light  in  the  eye  with  a  slow 
8|)eed.  was  not  now  jM-rceptihle. 

Reversals    of  current.    When  the  l^'duc  motor  is 

u»e<l  to  ])r<Kluce  reversals  of  curn-nt.  a  diffen'nt  wheel  and 
arr.mgement  of  the  brush  contacts  an>  used  from  those  f(»r 
the  interruptions.  Then^  are  four  biu.she.s,  and  each  revolu- 
tion gives  two  reversals  of  the  current.     The  proportionate 
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(lurution  of  conttict,  and  (if  intiTvul  in  which  ii«>  curn-nt 
is  passing,  may  Im>  altor«Ml  by  moving  thr  |M>sition  of  th«' 
lirushos.  Tho  curn>nt  is  passcil  through  a  galvrtnonu't<'r 
liofore  it  is  hnl  to  the  roviTsiT.  so  m  to  in(licat4?  the  average 
rurrent  passing.  If  the  galvanometer  were  included  in 
the  circuit  h<'tween  the  reverser  and  the  patient,  the  gal- 
vanomet<»r  needle  would  n>main  at  »'ro. 

Motor  effects  of  reversals.    A  cumnt  (.f  l  ma. 

or  even  less  at  a  slow  sp«>ed  of  the  motor  given  a  fair  tetanus 
of  the  muscles  of  the  thenar  eminence  with  maximum  dum- 
tion  of  the  contiict^,  In-ing  a  very  much  stronger  contrac; 
tion  thun  that  pnMluced  hy  the  kathode  when  interruptions 
with  maximum  contact,  and  of  the  same  strength  of  current, 
are  u»<h1.  Of  course,  when  reverials  are  lK»ing  usihI,  there  will 
be  no  difference  in  the  action  of  the  two  electnxles,  since  «'ach 
is  alternately  kathtnle  and  anode  as  the  current  is  n>venH>d. 
As  the  sj)etHl  of  the  motor  is  increase<l,  so  the  muscular  eflFe«-t 
with  n'versiils  is  increased  up  to  the  fast4'st  speed  of  the 
motor— al)out  8<)  reversals  per  secoml.  With  apparatus 
specially  arranged  for  the  pnMJuction  of  very  rapid  revers  »ls 
of  the  current,  it  has  been  shown  that  muscular  excitation 
increases  with  the  speed  of  the  reversals  up  to  2,(»(J<)  or 
.'J,<MK)  per  sc'jond,  and  then  diminishes  until  all  signs  of 
contraction  disappear  at  a  8p<'ed  of  1(),(KH)  alternations  per 
second,  when  the  phenomena  of  high  frequency  currents 
commence  to  app<'ar.  With  the  particular  instrument 
tested,  I  arranged  a  curri'nt  of  14  ma.  to  pass  through  a 
fixed  resistance  with  the  motor  at  rest ;  this  was  dimin- 
ished to  l.'J..^^  ma.  when  the  motor  was  started  at  slow 
speed  nn-ersals  and  maximum  duration  of  contact,  the  cur- 
rent falling  to  11  ma.  when  the  motor  was  run  at  its  highest 
8p<H'd  of  80  revers  lis  per  second.  With  short  {M*rio<ls  of 
contiict  and  long  pro|H»rtionate  int^'rval,  the  average  cur- 
n«nt  indicat4'd  by  the  galvanomet^'r  will  fall  considenibly. 
When  the  ]H>riod  of  contact  is  reduced  to  (»ne-tenth  of  the 
interval    lietween    the   contacts,  the    contractions,  though 
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powerful,   arc  said    to   he   much   less   painful   than   with  a 
<(irrcsp<iii(liii<f  strength  of  faradisni. 

If  wi'  coinpuro  the  tftaiiic  cflfcits  upon  tho  limb  musrlos 
of  inti-rruptions  of  a  galvanic  current  with  those  produced 
Ity   revf-rsals.   we   find   that  interrui)tions  of  a  descending 
curn-nt   from   the  anode  on   th.-   upper  arm   to  the  hand 
jdaced  on   ili,.   kathode,   usinj;  oidy  one-tenth  contact  and 
lo   iiitcrni])tioiis    per   second,    jrives    far  stronger  contrac- 
tions   than    we    ohtain    frorji    reversals,    usinfr    maximum 
contact,  and   the  same  strenjrtli  of  current  shown  on  the 
galvanometer.     Thus,  placing  the  forearm  in  water  in  the 
arm-hath,    with    the    anode    behind    the    elhow.    and    the 
kathode  at   the   finyers.   the  current   was  turned  on   until 
l'<")    ma.    were    ninninf.'   steadily   throuf,'h    the    bath.     Then 
starting'    the    mf)tor.    usiny    interruptions    with    one-tenth 
contact,  stroti}.'  tetanus  of  the   forearm  muscles  was  pro- 
duced,   thoujih    oidy   -J.^    ma.    were    now   indicat«'d   on    the 
galvanometer.     Appro.ximately.  to  (»l>tain  the  sam(>  (h'jjree 
«tf     muscular    tetanus    with     reversals,    usinj.'    ma.ximum 
c«»ntact.    re(piired  a  current  of    -Jl   nia.  shown  on  the  gal- 
vanometer.    Xow.  with  maximum  contact,  reversals  give 
stronjier  c(»ntractions  than  interru})tions  do,  and  with  one- 
tenth  contact,  reversals  may  also  prove  the  stronger. 

For  jreneral  stimulation  of  the  muscles  and  tissues, 
and  for  musde-testin^'.  rapid  interru])tions  or  reversals  of 
a  weak  jralvanic  current  by  the  Leduc  motor— with  the 
brushes  arranjred  for  f.ne-tenth  contact  and  nine-tenths 
interval  witli  no  current- may  ]ii-ove  <'Xceedin^lv  useful, 
and  should  supersede  the  faradic  coil  for  all  work  win-re 
accuracy  is  desired.  With  the  faradic  coil  the  current 
curve  is  irrcf^'ular.  and  its  milliamperage  unknown. 

Although  the  Leduc  motor,  using  interruptions,  or  pre- 
ferably ivversals.  may  be  us-d  for  muscidar  stimulation, 
rapid  iiiterii'.ptions  hav.>  no  effect  in  producing  con- 
traction in  <legenerating  muscle  in  cases  of  nerve  injury. 
S'.ich   degener.itiiiiT    musile   will   give   well-marked  .sluirgi.sh 


THE   LEDUC   CURRENT 


267 


contnictions  to  slowly  intcrruptf*!  or  slowly  nn-crsod  gal- 
vanic currents,  hut  when  tho  frequcnc}  of  the  interruptions 
or  reversals  exceeds  two  per  second,  the  strength  of  the 
mu.s'-'ular  contractions  diminishes  to  nil  as  the  sfx'ed  of  the 
interruptions  or  n'V       Is  is  increa.sed. 

Sensory  eflfects  of  reversals.— Testing  the   ntina 

in  the  same  way  as  witli  the  interruptions,  and  using  the 
K.ime  strength  of  current,  the  hrilliance  of  the  effect  on  the 
retina  is  very  mu'h  more  powerful,  with  ina.vimum  dura- 
tion of  contact,  than  with  the  interruptions  :  and  whereas 
with  th"  latter  th»-  sensory  effect  diminishes  with  the  in- 
crease of  speed  of  tlie  motor,  with  the  reversals  the  effect 
on  the  retina  increases  up  to  a  sj)eed  of  ."]()  per  second,  and 
then  diminishes  to  the  vanishing  point  at  >M)  per  second, 
using  a  current  which  gave  very  great  lirilliance  with  •)() 
revers;ils  ]ter  .second. 

On  the  whole,  the  sensory  effects  of  tlu"  rapid  reversils 
of  current  with  the  l^educ  motctr.  with  ma.ximum  duration 
of  contact,  upon  the  skin  and  muscles  are  much  greater 
than  with  a  faradic  ( urrent  which  produces  the  same  (h'gree 
of  muscular  contraction,  the  Leduc  revj-rsuls  of  a  galvanic 
current  being  distinctly  more  painful  than  a  corresponding 
strength  of  faradism,  especially  when  the  motor  is  run  at  a 
high  speed  of  SO  reversals  per  second,  using  ma.ximum 
duration  of  contact  ;  hut  with  very  short  durations  of 
contact  the  contractions,  tliough  efFvient.  are  siid  to  Iw 
less  painful  than  the  corresponding  strength  of  faradism. 

With  very  high  speeds  of  alternation  the  sen.sorv  effects 
on  skin  and  mu.scle  hoth  disappear,  as  is  the  case  with  the 
motor  effects  wiien  high  frequency  phenomena  commenc  e. 

Electric  sleep.  — Leduc  has  ma(h>  cvpi-riments  on  th" 
inhibitory  action  of  rapid  interruptions  of  the  current  upon 
the  brain  cortex  -n  dogs  and  r.i])hits.  The  head  is  shaved, 
and  a  large  katho<h'.  covered  witli  cotton-wool  and  wetted 
with  .saline,  is  applied  to  the  top  of  the  head,  while  a  large 
auotle  is  iixeii  over  the  lower  spine.     The  U'st  results  were 


268 


ELECTRICAL  TREATMENT 


y 


ohtiiinod  l)y  usinfT  interruptions  of  150  to  200  per  second, 
with  tho  l.rushos  arranged  for  as  short  a  contact  as  pos- 
sible, and  a  pressure  of  12  to  ;{()  volts,  giving  currents  of 
2  to  10  ma.     A  rheostat  without  self-induction  is  placed 
HI  the  circuit  to  regulate  the  voltage.     By  this  addition, 
convulsions  and  arrest  of  the  respiration,  and  evacuation 
of    the    sphincters,    are    avoided.     Starting    the    current 
pauses    no    pain,    the    animal    falling    on    it.   side    quietly 
into  a  condition  of  deep  narcosis,  without  exhibiting  the 
least  sign  of  pain  or  discomfort ;    and  on   the  cessation 
of   the    current    the    animal    awakens    instantly,    without 
iuiy  sign  of  pain,  fear,  or  fatigue.     In  other  experiments  on 
dogs,   general   convulsions   were   produced  as  the  current 
was  gradually  strengthened  ;    and  then,  on  diminishing  its 
■strength,  a  state  of  narcosis  and  anaesthesia  persisted  as 
long  i!s   the   current  was  applied,   the  animal   recovering 
at  once  as  soon  as  the  current  was  stopped. 

Local  anaesthesia  of  part  of  a  limb  may  be  obtained  l)y 
placing  the  kathode  upon  the  course  of  a  superficial  nerve. 
This  produces  a  strong  sensation  of  tingling,  and  com- 
plete insensibility  of  the  corresponding  skin-area. 

Should  further  experiments  show  this  method  of  induc- 
ing anjcsthesia  to  be  certain  in  its  action,  without  any  ill 
after-eff.'cts,  an  immense  field  in  the  treatment  of  neuralgia 
and  neurasthenia,  and  perhaps  even  in  the  induction  of 
surgical  ana'sthesia,  may  W  open  to  it. 

l)AN(iEJlS  FllOM  ELECTllIC-LIGHT  MAIN    AND 
OTHER  HIGH  TENSION  CUHRENTS 

The  majority  of  accidents  from  electric  shock  oceur 
amongst  the  workers  of  the  electric  lighting  companies, 
either  from  accidental  contact  with  live  wires  when  engaged 
n.  repair  work  on  the  cables  or  in  changing  transformera 
or  from  accidental  contact  with  jiarts  of  the  switch- 
board ,n  l!ie  i,ower  house.  Workm.M,  by  no  means  always 
observe  the  rule  to  wear  rubU'r  gloves  when  doing  work 
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on  the  oahlos,  and  thoy  may  either  receive  shooks  l»y  fretting 
a  "  short "  Iwtween  two  wires  at  difTerent  pressun's.  or  else, 
when  standing  on  damp  ground,  contact  with  a  live  wire 
will  afford  a  path  through  the  bo<ly  to  "earth"  for  the 
passage  of  a  heavy  current,  which  may  easily  Im-  fatal.  In- 
side buildings  the  current  is  never  at  a  higher  pressure 
than  240  volts,  except  for  the  driving  of  motors  of  one  or 
more  horse-power,  when  it  may  Ih'  as  high  as  48()  volts. 
Even  low  voltages  of  1(K)  to  lVK)  volts,  such  as  are  commonly 
employed  on  electric-lighting  circuits  within  houses,  are  by 
no  means  altogether  devoid  of  danger  to  life,  should  a  good 
contact  to  earth  l)e  estal)lished  by  the  body  to  a  live  wire. 
Indeed,  so  low  a  voltage  as  70  has  Ijcen  fatal  in  a  chemical 
factory  in  fJormany  to  a  workman  who  was  standing  with 
bare  feet  in  an  alkaline  solution,  and  thus  afforded  an  ideal 
contact  with  "earth." 

The  especial  dangers  with  electric  baths  have  already 
l)een  alluded  to  (see  p.  L>5i>),  whether  the  current  is  direct 
or  alternating.  The  bath  should  l)e  of  porcelain,  and  not 
only  should  it  be  entirely  unconnected  by  water-pipes  to 
earth,  but  all  water  taps  and  pipes  and  electric-light  switches 
should  ])e  quite  out  of  reach  of  a  patient  in  the  bath.  The 
bath  should  be  filled  with  water  through  a  rubber  ho.se-pipe 
attached  to  the  water-pipe  ;  but,  once  the  patient  is  in 
the  bath,  no  more  water  should  be  turned  on.  With 
some  direct  current  installations,  in  which  one  of  the 
poles  is  intentionally  earthed  at  the  power-house,  it  is 
possible  to  arrange  the  apparatus  so  as  to  avoid  the  possi- 
bility of  shock  through  an  earth  current  (see  p.  '252).  Even 
with  the  lx!gt  and  most  perfect  method  of  insulating  the  bath 
and  patient  from  earth  currents,  when  using  the  direct 
current  from  the  main  for  electric  baths  there  is  always  the 
possibility  of  a  sudden  alteration  in  the  voltage,  which  will 
cause  a  shock  to  the  patient  that  might  well  l)e  dangerous 
if  large  currents  in  the  full  bath  were  Iwing  used.  A  sudden 
fall  in  voltage  in  an  electric-light  supply  will  be  indicated 
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l»y  tlu'  inciUKlcs'M'iit  li^ihts  su.ldcnly  Insiiijj  Itrillianoy  and 
Klowiiii;  ii  (lull  red  :  whiN*  a  r.iisintr  of  tin-  V(ilta<.'i>  prodiifcs 
a  siiddrii  incrcas"  in  hrifihtiicss  of  the  lamp.  Or  tlw  siipplv 
may  fail  altofictlirr  for  a  fi'w  s 'cojids.  or  even  for  minutes 
at  a  time,  all  of  wliidi  atnidcrits  have  Imm-d  \iiifortunately 
familiar  to  us  who  live  in  the  MtryN-honc  district  of  London. 
Still  another  possihility  of  shock  when  usinjr  the  direct  main 
current  for  treatment  is  the  lialtility  of  a  sudden  switch- 
over at  the  power-hous"  from  one  machine  to  an()ther.  or 
from  the  dynamo  to  a  liatt'-ry  of  accumulators.  For  these 
various  reiisons  I  do  not  consid;'r  it  safe  to  use  the  direct 
main  current  for  hydro-electric  hath  treatment  ;  and  if  the 
direct  current  is  recpiired.  it  should  he  supplied  from  a 
s}!ecial  l)attery  of  accumulators.  These  may  lie  char<.'e(l 
from  the  DC  main,  hut  a  safety  switch  should  he  pro- 
vided, .so  that  the  current  fnmi  the  accumulators  cannot 
he  turned  on  to  the  hath  imtil  the  main  current  has  heen 
first  switched  off. 

In  alternating  currents  the  position  is  quite  differ- 

ont  ;  no  dantierous  shock  will  he  produced  hy  a  sudden  fall 
in  the  voltage  or  ce.s.sation  of  the  current,  or  hy  changinfj 
over  from  one  machine  to  a?iother  at  the  power-house  ; 
moreover,  uhsolute  .safety  with  re<.'ard  to  earth  curnMits 
is  attainahle  hy  the  sin>])le  inear.s  of  ))assinn  the  main  cur- 
rent throufih  a  static  transformer,  which  for  treatment 
purjioses  is  mt  st  conveniently  huilt  as  a  sledf;e-coil. 

The  direct  current  from  the  main  may.  thereff)re.  he 
used  .safely  for  all  forms  of  lahile  treatment,  for  muscular 
wastinjr,  etc.,  in  which  the  strenuth  of  the  curreiit  is  not 
likely  to  e.vceed  \~>  ma.  For  stahile  apj)lications.  such  as 
electrolysis  of  hairs,  na'vi.  etc..  for  cata])horesis.  or  for 
neuralfjia,  the  main  current  is  less  .siiitahle.  hut  still  may 
often  he  employed,  the  only  danger  heing  the  possihle  one 
of  a  somewhat  nnplejismt  sluvck  if  th.e  current  1m>  sud- 
denly interruj)ted.  When  larger  currents  are  employed, 
such  as  galvanisation  for  sciatica,  or  th<«  .Vpostoli  tn-atmont 
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for  filiroids,  or  ospccially  in  th<'  hvdro-t'lectrir  hath,  in  my 
opinion  the  main  diroct  current  is  unsifc.  ami  shouhl  not 
1m«  usf'd. 

Ncarlv  all  accictontrt  from  shock  or  hiirninjr  with  main 
currents  (M'cur  to  persons  enpi^ied  in  the  work  of  cahle 
repairing,  transformer  chanpinj;.  or  in  other  work  aho\it 
the  iH)wer-house  (,r  transmission  lines.  The  large  maj  irity 
of  fat;il  accidents  occur  with  voltages  of  1.<HK>  and  u))- 
wards.  which  has  given  ri.se  to  the  idea  that  the  alternating 
current  is  more  dangerous  than  the  direct,  ft  is  not  the 
tvp<'  of  current  that  cau.ses  the  ditTerence  in  the  severity 
of  injurv,  hut  the  difference  in  voltage,  the  direct  current 
.seldom  iK'ing  met  with  at  a  liigher  v<»ltage  than  •"■»<►.  This 
latter  strength  of  voltage  will   not  give  a  .shmk   through 

ordinary  flry  clothing,  and  it  has  I n  demonstrated  that 

a  jH'rson  mav  sit  upon  the  third  rail  of  the  Central  Loiuhtu 
Railway,  whidi  is  electrified  with  direct  current  at  .".."io 
volts,  and  rest  his  hands  upon  the  out^-r  rails,  which  carry 
the  return  circuit,  without  getting  a  shock.  If  the  clothing 
were  wet  with  rain  or  perspinvtion,  a  severe  shock  might, 
and  prohaMy  would.  Im«  received.  Unless  the  ])erson  re- 
mained in  contact  with  hoth  conductors,  it  is  prohahle  that 
a  .shock  at  this  voltage  would  not  he  fatal,  though  it  is  to  lie 
rememliered  that  at  the  comparatively  high  voltages  of 
the  main  supply,  muscles  behave  differently  from  whut  we 
find  in  the  physiological  laboratory  with  mus 'le-nerve  pre- 
parations an<l  weak  constant  currents.  It  has  often  heen 
found  that  contact  with  th<'  main  direct  current  tctanises 
the  muscles;  and  if  a  person  should  unfortiniately  catch 
hold  of  a  live  wire  at  a  voltage  of  L'<N».  wlieii  his  feet  were 
in  good  contact  with  earth,  as  when  standing  in  water,  he 
might  be  unable  to  leave  go,  and  the  su<hlen  rush  of  cur- 
rent would  very  cjuickly  Ix'  fatal.  In  this  way  a  man  was 
killed  in  the  street  by  l)ecoming  <'ntangled  in  some  tele- 
phone wires  which  in  a  snowstorm  had  fallen  down  across 
the  trolly  wire  of  a  tramway,  the  ends  trailing  in  the  street 


272 


ELECTRICAL  TREATMENT 

through  contact  with   the 


"  illiv.!  " 


juul   having   iHTomc 
trolly  lin<«  at  .MX)  volts. 

Whon  a  workman  g.-ts  a  "  short "  by  simultaneous  con- 
tact with  two  wires  of  a  circuit  at  different  voltages,  the 
danger  will  differ  according  to  the  method  of  conLut.     If 
one  hand  or  arm,  or  one  leg  has  touched  both  the  win>a,  the 
result  is  never  fatr.l   if  the  shock  is  mt.mentary,  as  the  cur- 
rent is  concentrated  between  the  two  points  of  contact  in  the 
one  limb,  and  the  man  gets  off  with  a  bum,  and  nothing  worse 
than  faintness  and  weakness,  though  this  is  often  succeeded 
by  hysterical  symi)toms  of  various  intensity  and  duration. 
If  both  hands  form  the  contiict,  or  one  leg  and  one  hand, 
then  tlu'  results  may  be  much  more  grave,  and  a  fatal  result 
is  not  rare,  the  man  being  killed,  perhaps  instantly,  the 
heart   l»eing  arrested   in   fibrillary  contraction.     Some  ex- 
periments   on    animals    by    Prevost    and    Battelli,    with 
alt^'rnating  currents  at   different  voltages,   showed   death 
from  heart  failun'  with  shocks  at  120  volts  pressure;  with 
high  tension    currents   at    l,l'(K»,    2,500,  and   4,8oO  'volts, 
tetanus  and  convulsions  were  produced,  and  respiratory 
failure,  but  tlie  animals  could  be  saved  by  artificial  respira- 
tion.    In   America,   where   criminals  are  electrocuted   for 
murder,  it  has  been  found  more  than  once  that  the  first 
shock  at  1,200  to  1,500  volts  has  not  been  fatal,  though 
convulsions  and  burning  of  the  skin  were  produced  during 
the  period  of  contact.     A  case  has  been  recorded  in  America 
of  a  man  receiving  during  several  seconds  a  current  at  the 
pressure  of  20,(H)0  volts.     He  was  stiinding  close  to  the 
main  switchboard  of  the  power  house,  when  by  some  acci- 
dent he  was  knocked  against  it  and  the  current  arc'd  across 
to  one  shoulder,  leaving  his  body  by  the  foot  on  the  same 
side,  which  was  also  in  contact  with  the  switchboard.     All 
his  muscles  being  tetanised,  he  was  thus  held  immovable. 
A  second  man  caught  hold  of  him  to  pull  him  away,  but  was 
also  instantly  knocked  down  by  the  current.     It  was  not 
until  a  third  ran  came  to  the  rescue,  and,  recognising  the 
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(liin>?«>r  of  tnuchirifj  him  with  his  Imn*  hiinds,  run  at  him, 
jumpir)g  in  the  air  at  tho  same  timo,  and  knockod  him  away 
with  hiH  knpo.  Strange  to  aay,  th<*  first  man  ri'covt'rcd,  with 
no  worso  result  than  two  had  burns  on  his  shoulder  and  foot. 
Prohahly  the  fact  of  an  arc  In-ing  f(»rme(l  limited  the  amount 
of  current  passing  to  him.  and  this  exj)lains  his  esca}M>  in 
spit<'  of  the  enormous  voltage  of  the  current. 

Usually,  after  a  severe  electric  shock,  if  the  man  has 
pscajM'd  instant  death,  he  will  Iw  found  semi-conscious, 
gasping,  pulse  thready  and  small,  pupils  dilated  and  slug- 
gish or  irresponsive  to  light.  The  skin  is  moist  and  cold, 
and  the  limbs  flaccid.  There  may  l»e  signs  of  burning  at 
the  points  of  contact,  and  the  respiration  may  have  entirely 
failed,  or  Ix'  on  the  point  of  doing  so.  .Artificial  respiration 
should  Ik?  at  once  commenced,  and  jHTsisted  in  until  regular 
breathing  is  re-established,  and  the  usual  remedies  for  shock 
administered ;  some  brandy  or  sal-volatile,  diluted  witli 
water,  should  be  given  by  the  mouth,  and,  if  necessary, 
injections  of  ether  hypodermically  ;  while  his  hands  and 
feet  are  chafed,  hot  bottles  applied,  and  the  legs  rai.sed  and 
bandaged.  There  is  always  gn'at  fall  of  blood  pressuw, 
and  it  is  this,  due  to  arrest  or  enfeel)lement  of  the  action 
of  the  heart,  that  is  the  chief  danger.  The  failure  of  re- 
iration  will  also  kill,  of  course  ;  but  this  is  more  easily 
treated  than  is  the  syncope  from  the  direct  action  of  the 
electric  shock  upon  the  heart. 

Hitherto,  in  this  country,  there  has  been  practically  no 
danger  to  the  public  from  high  tension  currents,  owing  to 
the  careful  insulation  underground  of  .such  cables,  and 
their  non-exposure  before  the  current  they  carry  is  trans- 
formed into  a  lower  and  safer  voltage.  In  America  and  on 
the  Continent  there  are  numerous  long  line  transmissions 
of  electric  energy  by  bare  wires  carried  on  poles  over- 
ground, the  currents  l)eing  at  various  pressures  up  to 
r)(),0(X)  or  (5(),()(K)  volts.  Necessarily,  the.se  bare  wires 
must  increase  the  public  danger,  owing  to  the  liability  of 
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the  |MtIfs  lii'iny  ovrrtunnMl.  or  otln-r  iiciith'Ufal  (•«»ntaot 
with  tin-  win-  liv  tcIi-phoiH-  win-s.  etc  Tin-  m-ar  futun"  stM-niH 
to  fon'shailnw  a?i  iiicn-aHiny  tlfvclopiin'tit  »»f  hijrh  tctisi'in 
altfTiiatiii^'  riirrt'iit  clcctrituation.  hy  ((Vfrlicafl  trolly 
wirrs.  of  siiJiiirlian  niilways.  or  ••v<-n  of  Ioii<;<t  li'tiyths  of 
main  liiM',  such  us  th<'  Nfw  Havru  Hiilway  in  AiruTica. 
The  Berlin  nvstfrn  of  suliurltaii  railways  is  licinj/  flcctri- 
fi»'<|  on  flit'sc  liiifs.  as  is  tli«'  lioruion  and  lirighton  suluirlian 
scrvic*'  in  this  (•••untry.  ("ountrifs  like  Switzerland  and 
Sweden,  with  no  coalfields,  lait  practically  uidiniited 
water-j)ower.  are  sure  soon  to  electrify  their  railroads. 
an<l  this  will  prohaMy  mean  the  transmission  of  electric 
power  over  lon^r  distances  at  hi«.'}i  pressures.  Thus,  in  the 
future,  the  nundter  of  hij/h-jiressure  overhead  win-s  is 
Iniund  to  multiply  enormously,  increasinc;  especially  the 
risks  of  the  railwayineii.  and.  to  a  certain  e.xtent,  of  the 
puhlic. 


diAPTKn  X 


THE    SINUSOIDAL  CURRENT 

Thk  simiHoidiil  ciirn'ut  is  u  form  of  alti'rnatinj;  ciimMit 
wluis"  I'loctroiiHttivf  fore-  n-jfularly  rises  and  falls  in  two 
equal  aiul  (ippiisitc  ( yrlcs.  llu'  curve  iM'in^  wtnietirne.H 
known  as  u  sine  curve.  We  have  already  seen  when  deal- 
in)(  witli  the  faradic  current  that  the  curve  of  the  electro- 
motive force  of  a  faradic  battery  is  an  alternatin<»  <urrent. 
though  the  waves  are  much  stronger  in  one  direction  than 
in  the  oth<'r,  and  an-  also  far  less  regular  and  more 
jerky.  K(»r  sr>veral  years  previously  to  IS.JI  it  had 
hpon  recognised  that  there  was  a  close  assoi-iation  Ix'tween 
electricitv  and  magnetism,  and  it  was  known  how  to  mag- 
netise a  piece  of  .soft  ir(»n  l)y  passing  an  electric  current 
around  it.  hut  it  was  reserved  for  Faraday  in  that  year  to 
demonstrate  the  solution  of  the  converse  problem  -  how- 
to  produce  an  electric  current  l>y  mi-ans  of  the  action  <»f 
magnetism.  If  a  coil  of  wire  is  wound  on  a  iKihhin  and  the 
two  ends  are  conni'cted  to  a  galvanometer,  and  then  a  fi.xed 
bar  magnet  is  quickly  pushed  insi(h'  the  coil,  the  galvano- 
meter will  indicate  the  passage  of  a  current.  If  the  magnet 
is  quickly  withdrawn  a  similar  curn>nt  will  1m'  generated 
in  the  coil  of  wire,  but  running  in  the  opposite  direction,  as 
indicated  bv  the  needle  of  the  galvanometer  turning  the 
reverst^  wav.  The  direction  of  the  induced  currents  in  any 
given  case,  and  therefon'  of  the  electromotive  forces  giving 
rise  to  thorn,  can  be  reatlilv  (h'termined  bv  the  simple  law 
first  enunciated  by  Lenz,  i>rd  krown  cs  "  I.rf'nz's  law  "  :  "  The 
direction  of  the  induced  currents  is  such  as  U)  set  up  a 
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irm>,M»'tic  field  wlii.h  will  tend  to  n-tunl  the  rhinp'  t(»  which 
tlu"  indiiction  in  <lu««." 

Now,  fixi'd  rna)(ii«'trt  an-  too  h<'avy  in  prartici'  to  rimvo 
in  md  ojit  of  coils,  or  to  rotate  in  fnmt  of  c(»il.H  for  the  pro- 
(liictiofi  of  thcH"  alternating  currents  on  a  lar^'e  Hcale, 
and  the  next  .step  in  the  development  of  alternatinj,'  current 
macliines  was  Clarke's  majtneto-electric  ma<hine  in  IH.T». 
Fn  this  machine  a  heavy  fixed  steel  ma^'iict  is  used,  and 
an  armature  cotisistinj»  of  two  coils  of  fine  wire  with  soft 
iron  cores,  and  joined  together  at  »»ne  end  \>y  a  l>ar  of  soft 
iron,  is  rotated  ]>y  means  of  a  wheel  and  ^earinj;  in  front 
of  the  polcH  of  the  fixed  magnet.  The  coils  are  wound  in 
series  with  a  continuous  wire,  reversinjf  the  direction  of  the 
windiufi  in  the  two  coils,  and  the  two  ends  of  the  wire  are 
connected  tft  spring  contacts  leading  the  currents  devel(»|M'<l 
in  the  c((ils  to  the  terminals.  These  are  alternating'  cur- 
rents, and  "  medical  magneto-electric "  machines  huilt 
on  this  ]»rinciple  are  still  fre(|uently  sold.  The  .steel  magnet 
is  i)rovi<h'd  with  a  "  kee])er "  or  armature  made  of  soft 
iron,  and  this  is  attadied  to  a  lever.  l>y  means  of  which 
the  strength  of  the  current  can  1m'  graduated  by  altering 
the  amount  <»f  contact  ]H«nnitted  In'tween  the  iron  bar 
and  tlie  jmjIcs  of  the  magnet.  These  macliines  have  lH>en 
comi)lete|y  replaced  in  medical  treatment  l>y  faradio 
batteries  driven  by  cells. 

In  the  early  Clarke's  machines  a  commutator  wa.s 
arranged  on  the  axle  of  the  rotating  armature,  by  means 
ot  which  tlie  alternating  current  iK'came  a  })ulsiiting  uni- 
directional current,  by  altering  the  direction  of  the  current 
of  each  half-phase.  This  current  had  very  slight  physio- 
logical effects,  though  it  would  decomjMise  water,  and  had 
all  the  properties  of  a  galvanic  current.  In  order  to  pro- 
duce a  strong  current  and  muscular  contractions  the  follow- 
ing device  was  added  to  the  machine  (Fig.  15):  The  axle 
of  the  commutator  is  prolonged  as  a  piece  of  ivory  or 
other  insulating   material,   and  on   it  are   prolonged   two 
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narniw  strips  fn»m  th<'  halvps  of  tin*  comnnitat^ir.  A^iiinst 
tlicHf  pD'ssfS  a  spring  which  is  ho  cdnnrrt^'d  as  to  sh(»rt- 
••ircuit  thf  ciirrt'iit  from  the  conunutator,  so  that  as  th<' 
lointiiiitittiir  ri'volvcs,  wliciicvfr  thf  s|»riiij{  tou<h«'s  oithtT 

of  th<'  two  strips.  i»o  furrcnt 
pa8S('8  t<i  th<-  terminals;  and 
this  will  hipiM-n  with  «'V«'ry 
hilf-turii.  Th«>  wirt's  from 
th»'  ttTiniiials  loadiiiK  to  the 
patit'nt  ari'  <'at'li  led  through 
two  long  coilH  lM>for«>  U-ing 
attached  to  th«'  handles,  and 
t  he  etleet  of  this  arrangement 
is  that  as  the  commutator  re- 
volves A  current  i»  thrown 
into  the  wires  and  coils  in  the 


Fig.  1"). — Clarke's  iiuigueto- electric  iniicliiue,  with  cominututor  au«l  coils. 

patient's  circuit  ;  hut  hy  the  action  of  the  spring  contact  on 
the  commutator  this  current  is  not  maintained  con.stantly, 
Iw'ing  hroken  with  every  half-turn  of  the  commutjitor  ;  and 
with  each  break  oi  this  battery  current  tliere  is  a  sudden 
induced  extra  current  produced  in  the  coils  leading  to  the 
handles,  which  is  (juite  strong  enough  to  produce  muscular 
contractions  and  tetanus  of  muscli..  when  the  machine  is 
worked  suflicientlv  rapidlv.  The  current  from  these 
magneto-electric  machines  is,  therefore,  comparable  to 
the  primary  current  from  a  faradic  coil. 
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I'll"  next  st;'|)  in  th^>  development  of  maf^neta-eieftric 
niiichines  was  t(»  use  clectro-niii^nets  instead  of  fixed  st^^el 
niu^'iiets.  and  to  rotate  the  moving  parts  by  sN»ani  power, 
the  iimchine  now  heeominjj  a  "  dynamo." 

A  dynamo  consists  of  heavy  eleitro-majjnets  with  two 
or  more  north  and  south  j)ole  pieces  arrangecl  alternately 
to  form  a  mon'  or  less  circular  magnetic  field,  in  which 
rotates  an  armature  that  is  driven  from  tiome  source  of 
])ower  such  as  a  steam-engine  or  an  electric  motor  coupled 
to  it.  The  annstture  consists  of  a  soft  iron  ring  built 
up  of  a  number  of  thin  iron  di.scs,  insulated  from  each  other 
in  order  to  prevent  the  formation  of  eddy  currents,  which 
would  overlu'at  the  armature.  Around  the  iron  ring  is 
wound  a  coil  of  wire,  and  the  rotation  of  the  coils  of  wire 
through  the  lines  of  magnetic  force  generates  induction  cur- 
rents in  the  coils.  These  currents  are  alternating  currents, 
the  change  in  sign  of  the  voltage  from  +  to  --  in  any  par- 
ticular portion  \  of  the  coil  taking  place  as  A  passe-s  the 
middle  line  between  the  north  and  south  poles  of  the  mag- 
net, or  the  "line  of  commutation,"  as  it  is  called.  This 
l)oint  corn'^J)onds  to  the  zero  liiu'  on  the  current  curve. 
If  B  is  a  point  on  the  arnjature  exactly  ojiposite  A,  then 
the  current  in  B  is  exactly  the  reverse  to  that  at  A.  both 
in  direction  and  sign.  Thus,  for  one  whole  rotation  of  the 
armature,  the  EMF  of  the  furrent  at  any  pttint  passes 
through  one  complete  cycle  or  period  -one  half  positive, 
one  half  iu>gative— for  each  pair  of  magnetic  poles  in  the 
dynamo. 

When  a  coil  rotates  with  uniform  velocity  in  a  mag- 
netic field,  as  between  the  j)oles  of  an  electro-magnet,  the 
current  collected  by  the  brushes  is  SinUSOidal-  i.e.  the 
intensity  of  the  current  is  proportional  to  the  sine  of  the 
angle  between  the  plane  of  the  coil  and  tlie  line  of  com- 
mutitJon.  A  similar  current  which  does  not  change  in 
direction   is  called   an  Undulating  current   (.set'  p.   2N.i). 

The  periodicity  of  the  current,  or  the  number  per  second 
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of  complete  cycles  of  positive  und  negative  EMF  deixruls 
on  the  number  of  revolutions  per  second  of  the  armature. 
The  voltage  of  the  current  depends  on  the  speed  with 
which  the  rotating  coils  cut  the  magnetic  lines  of  force,  thus 
varying  with  the  speed  of  rotation  and  the  diameter  of  the 
armature.  The  efHcient  intensity  of  the  current  may  he 
measured  hy  a  milliamp('remet<'r,  such  as  Lord  Kelvin's, 
consisting  of  an  inde.\  attached  to  a  movable  coil  rotating 
inside  a  fixed  coil.  The  direction  of  the  deviation  is  thus 
alwavs  the  same  whatever  the  direction  of  the  current, 
since'  the  phase  of  the  current  changes  simultaneously  in 
both  coils.  The  maximum  intensity  of  the  £urn>nt  will 
bear  the  ratio  to  the  efficient  int<?nsity  of  ^.'^  '•  1  "•  ^^'^^ 
is  to  say,  the  efficient  intensity  will  l>e  70  per  cent,  of  the 
maximum  int<>nsity. 

In  practice,  sinusoidal  currents  are  obtainable  only 
wiu-re  there  is  an  electric  lighting  installation.  The  alter- 
nating currents  supplied  by  some  of  these  installations 
show  very  nearly  a  sine  curve,  and  for  medical  purposes 
n^v  be  spoken  of  as  sinusoidal  currents.  The  number  of 
complete  cycles  or  periods  per  second  depends  on  the  type 
of  machin*'  employed  in  the  power-house,  and  varies  with 
different  installations  from  a  periodicity  of  about  40  to 
as  high  as  llO  cycles  per  second  when  used  for  electric 
lighting  ;  while  for  purposes  of  traction  for  railways  as 
low  a  periodicity  as  15  per  second  is  now  thought  to  Iw 
the  best  with  single-phase  alternating  currents.  As  low 
a  periodicity  as  2  to  :;  per  second  is  recommended  by 
R.  M^rtju  for  th<;  treatment  of  muscular  wastings,  and  a 
specially  shunt-wound  dynamo  has  been  devised  by  him  and 
manufactured  by  Schall  to  run  evenly  at  that  slow  speed. 

To  obtain  graphic  curves  of  currents  of  rapid  pericdicity 
an  instrument  called  an  oscillograph  is  used,  such  as 
Biondel's,  in  which  the  current  passes  through  two  small 
coils  that  oscillate  on  each  side  of  the  poles  of  a  magnet. 
A  mirror  attached  to  a  bar  of  soft  iron  oscillates  l)etween 
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th(!  two  coils,  and  reflccta  a  iM'am  of  light  on  to  another 
mirror  oscillating  at  right  angles  to  the  first,  and  thonce 
on  to  a  screen  or  photographic  plate. 

The  curve  in  Fig.  Ki  shows  graphically  one  complete; 
cycle  of  such  a  curve.  In  it  the  time  T  is  plotted  hori- 
zontally, and  the  KMF  of  the  current  plotted  vertically 
upwards  (  +)  and  downwards  (  - )  from  the  centre  line,  which 
is  also  the  zero  line.     The  figures  along  O  T  are  fractions 


Fig.  16.    .Siiiii>le  construction  for  a  "  sine  "  curve. 

of  the  periodic  time  which  is  represented  by  0  T,  the  cor- 
responding values  f)f  the  function  })eing  obtained  in  the  way 
shown  by  projtn^tion  from  the  circle,  the  circumference 
of  which  has  been  dividcnl  into  the  same  number  of  frac- 
tional parts  as  O  T.  The  radius  D  0  is  to  be  regarded  as 
revolving  round  I)  in  a  clockwise  direction,  so  as  to  make 
a  complete  revolution  in  the  time  T.  At  each  instant 
the  distance  of  0  above  or  below  the  datum  line  A  D  B 
will  give  the  corresponding  ordinate  or  vertical  height  of 
the  sine  curve. 

An  armature  winding  may  be  tapped  by  two  wires  at  dia- 
metrically opposite  points,  and  the  wires  led  to  two  metal 
slip  rings  mounted  on  the  axle  and  properly  insulated 
from  each  other.  The  current  collect<^d  by  brushes  rubbing 
on  these  slip  rings  will  be  a  single-phase  alternating  current. 
If  the  armature  windings  are  tapped  at  three  equidistant 
points  and  wires  similarly  led  to  three  slip  rings  on  the 
axle,  a  three-phis"  current  will  }>,>  obtained  from  them. 
With  four  slip  rings  and  four  equidistant  points  of  tapping 
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the  armature,  cither  a  two-phase  or  a  four-phase  current 
can  be  obtained  accordinji  to  the  ni-'thod  employed  of  con- 
nectinfi  the  wires,  and  so  on  for  other  varieties  of  polyphase 
currents. 

To  obtain  a  continuous  unidirectional  current  from  a 
dynamo,  the  alternating  currents  which  are  induced  in  the 


Fig.  17. — Diagram  of  a  direct  curreut  (DC)  dynamo,  and  commutator. 

armature  must  be  collected  ])y  means  of  a  commutator. 
The  simplest  form  of  commutator  consists  of  a  split  metal 
tube  fixed  on  the  axle,  the  two  halves  being  insulated  fronx 
each  other  and  connected  by  wires  to  two  opposite  points 
on  the  armature  winding  (Fig.  17).  Brushes,  usually  made 
of  carbon  blocks,  are  fixed  so  as  to  rub  against  the  two 
halves  of  the  commutator  at  exactly  opposite  points. 
An  the  armature  revolves,  and  the  two  halves  of  the 
commutator  or  split  tube  with  it,  although  the  currents 
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in  the  coils  and  in  the  two  halves  of  the  commutator 
are  chanj^'iii^  in  direction  with  each  half-revolution, 
yet  the  current  j)icked  up  hy  the  two  brushes  will 
nec-«ssarily  lie  constant  in  direction,  j)ositive  at  one  hrush 
and  negative  at  the  other.  The  current  curve  will  then 
h  ivc  th"  form  sh')wn  in  Fijj.  !'.>.  ami  is  known  as  a  pulsating 
unidirectii  .al  current  (.see  p.  -JU:,).  The  commutators  used 
on  modern  dynamos  are  much  more  complex,  and  instead  of 
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Fi(^.  IH.— Diiif^nim  of  EMF's  of  four  jiaire  of  coils  in  series  ;  u  pulsating 
uuiilirectiouul  current. 


two  halves  of  a  split  tuhe  connected  to  two  oj)posite  points 
in  the  armature  winding,  the  tuhe  is  8j)lit  up  into  a  large 
number  of  parts  arranged  in  strips  along  the  axle  of  the 
armature,  all  can'fully  insulated  from  each  other.  Each 
opposite  pair  of  these  strips  is  connected  to  two  opposite 
points  in  the  armature  winding,  and  the  resultant  current 
collected  at  tlu'  brushes  is  a  pulsating  unidirectional  current, 
witli  tlu'  same  number  of  small  waves  of  varying  voltage 
as  there  arc  divisions  of  the  armature  winding  and  of  the 
commutator  (Fig.  is).  Thus  the  constant  current  obtained 
from  a  dynamo  is  not,  theoretically,  a  ])erfectly  smooth 
current,  but  is  a  ])Uoating  unidirectional  current.  Being 
unidirectional,  it  has,  of  course,  electrolytic  effects,  and 
for  i)ractical  purposes  the  dynamo  constant  current  is  nearly 
as  smooth  as  a  battery  current. 

Such  an  armature  as  described,  wound  on  a  soft  iron 
ritig  with  a  continuous  coil  of  wire,  which  is  divided  into 
numerous  sections,  each  of  them  connected  to  its  cor- 
responding part  of  the  commutator,  is  known  as  a  Gramme 
Ring,     ff    the  axle  is  prolonged  on  the  opposite  side  to 
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the  comimitutor.  tind  fitted  with  a  pair  of  slip  rinps  in- 
sulated from  each  other  and  connected  to  two  opjK)8it<» 
])oints  of  the  armature  winding,  the  machine  can  W  used 
as  a  rotary  converter.  Used  in  t'i:.  way,  constant  cur- 
rent from  the  main  is  fed  to  the  commutator  liruslus  and 
to  the  electro-magnets,  thus  driving  the  armature  as  a  DC 
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Fig.  1!).— Couuectwl  alteniate  currents,  or  pul.siititig  uuidirectioual 

current. 

motor,  and  an  alternating  or  sinusoidal  current  can  be 
taken  off  the  slip  rings  on  the  other  side.  Rhetstats  or 
graduated  resistances  must  he  used  to  reduce  the  voltage  of 
the  main  current  to  that  for  which  the  armature  wir.din}.s 
are  adapt<'d.  If  single-phase  alternating  current  is  taken 
off  the  slip  rings,  its  voltage  will  Ix'ar  a  proportionate  ratio 
to  that  of  the  driving  current  as  i  :  ^'1,  or  alntut  70  \wx 
cent.  If  a  three-phase  current  is  arranged  for.  its  voltage 
iMJtwcen  any  two  terminals  will  he  as  ^'>\  :  2  ^1,  or  til  per 
cent,  of  the  voltage  of  th"  e.xciting  current.  Further  modi- 
fications can  be  applied  to  this  machine,  and  by  a(Uling  u 
commutator  on  the  alternating  current  side  the  alternate 
phases  of  the  current  can  be  reversed,  giving  a  pulsating 
unidirectional  current  (Fig.  lU).  Moreover,  if  such  a 
machine  is  driven  from  a  power  source  and  run  as  a  dynamo, 
it  will  supply  constant  current  through  the  commutator 
brushes  on  one  side  and  alternatmg  current  on  the  other. 
An  undulatory  current  can  be  obtained  from  this 
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machine  hy  loading  off  a  pair  of  wires  from  ono  of  the 
c'oinmutiitor  lirushos  on  tho  DC  side  and  from  one  of 
tlio  alij)  rings  on  the  alt<Tnating  current  side,  thus  form- 
ing u  combination  of  constant  and  sinusoidal  currents,  or  a 
sinusoidal  constant  current  whose  voltage  varies  rhythmi- 
cally, liut  does  not  reverse  its  sign.  This  undulatory  current 
has  an  electrolytic  action  like  the  constant  current ;  but, 
in  addition,  it  has  the  stimulant  action  on  muscle  of  the 
variable  current.  Diagrammatically,  its  curve  would  l>e 
represented  by  a  sine  curve  placed  entirely  above  the  base 
line. 

\  rotary  converter  is  often  spoken  of  as  a  mOtor  trans- 
former, and  it  is  usually  arranged  to  be  driven  by 
direct  current  and  to  give  out  alternating  ;  ])ut  it  may 
be  built  to  be  driven  by  alternating  current,  and  then  will 
give  out  constant  current  from  the  commutator  brushes 
on  the  other  side.  A  rotary  converter  is  more  compact 
than  a  coupled  motor  and  dynamo,  which  is  an  electric 
motor  driving  another  dynamo  coupled  to  it  on  the  same 
shift.  The  motor  and  the  dyiiamo  may,  however,  be 
combined  in  the  same  machine,  when  it  is  known  as  a 
motor  generator.  This  form  has  several  advantages 
over  the  rotary  converter.  In  the  latter  the  transformed 
current  circuit  is  in  direct  electric  connection  through  the 
armature  windings  with  the  current  from  the  main  which 
drives  the  motor,  and  therefore  there  is  a  danger  of  shock 
through  accidental  contact  with  the  earth  current,  through 
the  patient  or  the  operator  touching  a  water  tap  or  electric 
light  switch.  Therefore,  when  the  machine  is  arranged 
t.)  tr.msform  a  direct  into  an  alternating  current,  the  cur- 
rent received  by  the  brushes  rubbing  on  the  slip  rings 
should  be  at  once  passed  through  a  static  transformer  before 
being  led  off  into  the  external  circuit  to  cautery,  lamp,  or  for 
treatment  in  the  full  bath.  Most  modern  machines  are 
provi<led  with  this  safeguard,  and  if  the  static  trans- 
former  is   properly   made,    with    the    secondary    winding 
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thoroughly  insulated  from  the  primary,  there  is  then 
no  possible  danger  of  any  accidental  shock  from  an  earth 
current. 

Another  advantage  which  the  coupled  motor  and 
dynamo,  or  motor  generat^ir,  has  over  a  rotary  convert«'r  is 
that  with  the  latter  the  voltage  and  poriotlicity  of  the 
alternating  current  is  fixed,  depending  upon  thv  voltage 
and  speed  of  revolution  of  the  DC  motor,  whereas  with  the 
former  type  of  machine  the  generator  half  of  the  machine 
can  be  built  to  produce  any  required  voltage  or  periodicity 
of  alternating  current. 

Direct  current  motors  may  be  "  series  wound  "  or 
"shunt  wound."  In  the  former  the  field  magnets  are 
excited  by  the  same  current  in  series  with  that  which  flows 
into  the  armature  coils  ;  in  a  shunt-wound  motor  the  field 
magneto  are  excited  through  a  side  circuit  or  shunt.  The 
current  should  always  be  turned  on  gradually,  u.sing  resist- 
ances, or  the  armature  may  l)ecome  overheat«d.  Heavy 
motors  for  traction  purposes  are  always  series-wound,  but 
all  motors  for  medical  purposes  should  l>e  shunt-wound,  as 
this  arrangement  ensures  a  non-variable  supply  of  current 
to  the  field  magnets,  although  the  load  on  the  mot(»r  may  l)e 
varying  frequently  and  suddenly.  Moreover,  the  motor 
could  not  be  run  slowly  and  evenly  unless  shunt-wound. 

A  continuous  current  dynamo  is  reversible— that  is  to 
say,  if  the  direct  current  at  a  suitable  voltage  is  fed  to 
the  commutator  brushes  and  field  magnets,  the  armatxire 
will  revolve  and  nm  as  a  motor. 

Alternating  current  motors.— On  the  other  hand, 

such  a  dynamo  will  not  run  in  the  same  way  if  fed  with  alter- 
nating current  through  slip  rings,  for  two  main  reesons. 
Firstly,  the  alternating  current  will  not  excite  the  field 
magnets  ;  and  even  if  these  are  separately  excited  by  a 
continuous  current  from  another  motor,  the  machine  will 
not  start  by  itself,  but  will  require  to  be  speeded  up  until 
the  frequency  of  the  induced  alternating  currents  in  the 
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jinnaturc  coIIh  jto\n  into  step  with  the  periodicity  of  tho 
•Irivinn  alternating  rurront.  Ouro  startt'd.  tho  machine 
will  rontinne  ninninj;  at  tliat  invarialde  speed,  unless 
f)verloaded,  when  it  will  drop  out  of  step  and  stop  sud- 
denly. Tln'se  are  known  as  synchronous  inf)tors.  .\lter- 
natiny  current  motors  must  he  huilt  specially  for  the 
voltap'  and  perifxlicity  of  the  driving  current,  and  should 
the  jM'riodicity  of  the  main  current  fluctuate,  as  it  is  liable 
t'»  do  in  some  hadly  sui)plied  districts,  the  motor  will  l>e 
thrown  out  of  step,  and  will  stop  at  once.  Su(  h  alter- 
natitif:  current  motors  are.  therefore,  on  the  whole  much 
less  satisfactory  than  DC  motors,  thoufih  recent  develop- 
ments have  produced  very  satisfactory  sirifile-pliase 
alternating  current  motors  for  heavy  traction  jiurposes. 
iisin^i  iv  current  with  a  low  periodicity  of  !."»  cycles  per  secon<l. 
.Vn  alternatinji  current  motor,  even  of  the  most  recent 
and  efTicient  type,  weighs  consi<h'ral>ly  hi-avit'r  than  a  DC 
motor,  and  is  about  20  per  cent,  less  eflicient. 

High  tension  alternating  current.  The  alternat- 
ing currents  manufactured  for  electric  lij/litinjr  or  power 
purpo.ses  are  usually  made  by  machines  jrivin^  a  verv 
hijih  voltage,  in  order  to  sive  the  prime  cost  of  copper  in 
the  transmission  circuit,  liy  tliis  is  meant  that  with  current.s 
of  low  voltat^e  it  will  be  necessary  to  send  a  ver}'  large 
amperajie  along  the  wires  in  order  to  develop  the  same 
power  as  in  a  case  where  the  voltage  is  high  and  the  am- 
p»''rage  correspondingly  low.  It  is  to  be  remembered  that 
the  power  ex})ressed  in  watts  is  the  number  of  amperes  of 
current  multi])lied  by  the  voltage.  Now.  ~U\  watts  is  one 
electrical  horse-power,  and  for  a  machine  of  low  voltage 
to  develop  the  same  electrical  horse-power  iis  one  ( f  high 
voltage  it  mu.sr  produce  a  correspondingly  larger  number  of 
amperes  of  current.  A  copper  cable  will  carry  l.(Ml(>  am- 
peres of  current  ])er  square  inch  of  its  cross  .section,  and  no 
more,  without  danger  of  the  cable  heating,  irrespectivelv  of 
the  voltage  of  the  current,  and  it  is,  therefore,  clear  that  the 
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hiphor  tho  voltapo  at  whirh  tho  rurroiit  ran  be  (U-livorrd  to 
the  copper  win*  cablos.  the  yn-atrr  is  the  total  amomit  of 
ploctric  onorpy  which  those  rabloa  will  carry.  Now.  with 
copper  co.stinp.  as  it  did  in  Felmiary.  Ht<>7,  in  the  neiph- 
hourhood  of  £1(K)  per  ton.  the  necessity  of  savinp  copjier  in 
the  transmission  circuit  is  olivious.  especially  if  the  district 
over  which  the  electric  enerpy  luis  to  he  delivered  is  a  larpe 
and   scattered    one. 

It  is  easy  to  huild  alternatijip  ( urrent  dyrnnM  s  to  jiro- 
duce  the  current  at  hiph  voltape.  which  can  he  raised  fuither 
l»v  ste])-up  transformers  for  <lelivery  t(»  the  transmission  line. 
an«l  as  hiph  a  voltape  as  •>(».(  km»  is  used  at  Niapara  in  America, 
where  the  enerpy  of  the  Falls  is  used  to  prcduce  current  for 
power  and  liphtinp  puq>oses  over  a  radius  ex<eedinp  one 
hundred  miles.  In  Switzerland.  Zurich  is  nf>w  supjilied  with 
three-phase  alternatinp  current,  pivinp  liL'.(i»Hi  horse-power 
at  a  pressure  of  ITi.CMM)  volts,  penerated  hy  water  power  at 
Thusis,  eiphty-five  miles  distant.  In  this  country  ll.(MM) 
is  the  hiphest  voltape  used,  for  the  London  Underpronnd 
Filectric  Uailways.  and  l().(MM»liy  tlu-  London  Electric  Supply 
Co.,  at  Deptford.  Most  of  the  alternatinp  current  street 
mains  are  at  a  pressure  of  1,<KK>  volts,  eacli  house  supplied 
with  it  havinp  a  static  transformer  fi.xed  in  some  safe 
position  in  the  basement,  in  onh-r  to  transform  the  cunent 
down  to  200  or  1<M)  volts,  before  it  is  led  into  the  house.  The 
1,(MK)  volt  terminals  of  the  street  wires  and  the  transformer 
should  always  be  carefully  enclosed  in  stout  wire  capes,  in 
order  to  prevent  interference  by  unautliorisecl  })ersons,  as 
an  accidental  shock  at  tliat  hiph  voltape  would  in  all  prob- 
ability be  immediately  fatal. 

For  the  iinderpround  electric  railways  the  hiph-pressurc 
alt<>rnating  current  is  used  to  drive  motor-penerators  at  a 
few  sub-stations,  in  which  the  current  is  transformed  into 
a  direct  current  at  about  a.'iO  volts,  at  which  pressure  it  is 
supplied  to  the  locomotive  from  a  third  rail.  Efficient 
alternating  current  motors  can,   however,   now   be   built 
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nnd  iho  qiu-stioii  uh  tf)  whirh  in  tho  mnro  suitiililt>  U-po  for 
trjiction  |)urjM».s»'a,  ult^'matiiiR  or  direct  current,  is  still  l>oing 
IctM'nly  «lcliiit«Ml  by  rloctriciil  oiij»in('ors.  Tho  luto«t 
(Icvcl.ipriwnt  in  this  diroction  is  an  fnormously  powerful 
elf'ctric  ioromotive  of  4,(K»<)  horse -power,  Imilt  ])y  the  West- 
•  nf,'hou8e  Company  in  America  for  the  Pennsylvania  Railway. 
This  engine,  weijihiny  1  •_'."»  t(»ns.  receives  a  sinf^le-phase  alter- 
nating current  at  ll.fMM)  volts  from  an  overhead  trolly 
wire,  the  current  being  transformed  by  static  transformers 
on  tlie  engine  down  to  .').")(>  volts,  of  course  alternating  at 
the  sa?ne  periodicity  of  la  cycles  per  second.  The  speed  is 
varied  by  changing  the  voltage  delivered  to  the  motors  from 
the  transformer,  no  rhedstat  being  used  in  the  control,  a 
speed  of  ~-,  miles  per  hour  l)eing  easily  ttbtained  under  load. 

High  voltage  direct  current.— The  great  difUculty  in 

building  dynamos  to  produce  direct  current  at  a  high 
voltage  is  on  account  of  the  excessive  sparking  at  tlie  com- 
mutators, which  are  thus  soon  burnt  out.  On  account  of 
the.se  commutator  difficulties,  it  has  usually  been  the  prac 
tice  to  limit  the  voltage  (»f  DC  dynamos  to  a  ma.ximum  of 
<'»."K)  volts.  .\  laboratory  dynamo  has,  however,  been  built 
to  produce  direct  current  at  11,(HK)  volts.  In  commercial 
practice  the  voltage  of  the  direct  current  may  be  raised 
for  long  line  transmission  of  power  by  the  Thur\'  system 
of  coupling  a  number  of  dynamos  in  series.  Lausanne,  in 
Switzerland,  is  thus  supplied  by  a  direct  current  of  105 
amperes,  at  a  ma.ximum  pressure  of  l';J.(KK)  volts,  which  is 
generat^nl  tliirty-fivc  miles  away  at  St.  Maurice  by  ."),(KK) 
horse-power  turbines,  driven  by  wat^'r  power  from  the 
river  Rhone.  In  the  power  station  are  ton  dynamos  of 
2,.>(M)  volts  each,  all  of  which  may  be  coupled  in  series  if 
re(iuired.  To  render  this  safe,  each  dynamo  is  l)edded  on 
porcelain  insulators,  sunk  in  an  asphalt  concrete  founda- 
tion. The  copper  cable  which  carries  the  2,4l.">  kilowatts 
of  electric  energy  is  only  two-thirds  of  an  inch  in  thickness. 
In   the  Moutiers-Lyon  plant,  (kSIX)  horse-power  is  trans- 
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rniffo<l  l.y  flii-  Thiiry  system  mon-  than  (.»••  huii<in>(l  niiks 
at  a  pn'ssun-  «•x>•<'<M^ill^  ',().()(*)  vkUm. 

It  is,  hnwovor.  found  that  tho  loss  liy  loakafro  is  Irss  with 
alt»'rnatinp  than  with  iliroct  rurront  at  hi^rh  pr.'ssurrs.  and 
tho  pasp  of  transforminj;  thp  altornatinp  mrrpnt  to  any  rp- 
quirpd   voltajjp.  psppcially  with  ..il-in^ulatcd   watpr-cool..! 
static  transforrnprs.  cannot  U>  rivall.-d  l.y  pvpn  thp  Thiiry 
system  of  dirpct  current  hi^h-prcssurp  transmission.     Thp 
altprnatinp  currpnt  is.  thcrpfc.rp.  likply  to  pntirply  rpplacp 
thp  dirpct  current  in  larj!P  jiower-hnuses  wherp  tlip  output 
of  currpnt  pupriry  is  hpavy.  and  pspecially  if  it  has    t<»  We 
transmitteii  over  a  lony  distance.     The  Ipakap-  is   j)ropor- 
tionately  pn-atpr  with  hiph  than  with  low  prpssure  currents  ; 
J)ut,  as  a  rule,  this  is  m(.re  than  compensated  l.y  the  saving 
in  primp  cost  of  copper  cahles.      On  the  other  hand,  the 
danger  to  life  from  accidental  contact   with  the  hijih  tension 
curn-nts  is  much  yreater  than  with  the  low  tension  current, 
and  therefore  circuits  employing  the  high  tensi(.n  alt«'mating 
current  require  to  he  psppcially  protected. 

To  transform  the  voltagp  of  a  direct  current  a  motor 
generator  must  he  u.sed  ;    that  is  to  say,  the  main  direct 
rurrent  is  u.sed  to  drive  a  DC  (direct  current)  motf.r.  which 
is  wound  for  the  main  voltage.     This  motor  drives  another 
dynamo  wound  to  produce  the  required  voltage  of  direct 
current.     The  motor  and  dynamo  are  l.uilt  on  the  same 
bedplat<«,   and   the    apparatus   is  scmetimcs   known   js  a 
rotary  transformer.    Alternating  currents  are  much  easier 
to  doal  with  in  changing  the  voltage,  a  static  transformer 
with  no  moving  parts  being  all  that  is  required.     This,  in  it« 
essentials,  resembles  the  primary  and  secondary  windings 
of  a  faradic  coil,  the  main  current  running  through  onp 
coil,  and  an  induced  current  is  produced  in  the  surrounding 
coil.     The  voltage  of  the  induced  current  will  vary  with 
the  proportionate  number  of  turns  of  wire  in  the  primary 
and  secondary  coils,  and  to  reduce  the  voltage  of  the  street 
main  at  l,tH)0  volts  to  a  voltage  safe  to  use  in  houses,  such 
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;is  !<».(  iif  JtM)  vttll.s,  till'  iii<hi<'ci|  riniiif  iiiiiHt  have  u  <oni- 
p:iriitiv«'ly  ft'W  funis  of  fhirk  win-.  whil<*  tlu*  primary  inairi 
circuit  cMiisists  nf  a  hrp'  iiuiiiImt  of  turns  of  thinner  wirr. 
Oti  t!i»'  other  hiriil.  in  a  Htcpiip  traiisforim-r,  aH  in  uho«1 
iti  yciicratinj,'  Kiuli  frtMpicncy  curn-iitH  fr<»in  the  altornatinji 
ol«'(tric  li^'lit  current,  tlic  inducing  circuit  must  consist  ol 
a  larf.'i'  nunilMT  of  turns  of  thin  wire.  The  voltage  of  the 
current  us-il  in  any  house  will  lie  inilicateil  <»ii  tho  incandca- 
cfiit  lamps  usi'd  in  it.  though  the  lamjis  will  give  no  indica 
tion  as  to  whether  the  alternatiiig  or  the  direct  current  in 
.supplied  to  the  house; 


(HArpKR  xr 

MEDICAL  APPLICATIONS  OF  THE  SINUSOIDAL 
CURRENT 

If  thn  clcctrir  supi>ly  is  l>y  ultrrnatinj;  ourn-nt,  a  Himplo 

form  (tf  gledge  transformer,  co.stinR  ahout  .•)()«.,  wii: 

suffice  to  mlucf  tlu!  voltage  for  all  methods  of  applying 
the  8ingl««-])hu8e  current  to  patients.  Such  a  trariHfc.rnier 
cloa-ly  resemhles  the  sledge  c«)il  used  for  the  faradic  current. 
l>ut  the  iron  core  of  the  primary  must  Im-  larger,  and  there 
is  no  int4'rrui)tor.  The  thickness  of  the  win*  used  in  the 
primary  and  secondary  coils,  and  the  numl>er  (.f  turns  in  the 
two  coils,  will  dejx'nd  on  the  voltage  of  the  current  supplied 
to  the  house  and  the  voltage  that  it  is  desired  to  obtain 
from  the  secondary.  With  a  L'(Mi-volt  main  current,  th. 
primary  windings  should  1k'  t.f  al)out  the  same  thickness, 
hut  with  many  m(»re  turns  than  the  sec ciidary,  is  the 
voltage  of  the  current  must  Ik-  redtic.d  ;  hut  if  an  accumu- 
lator of  12  or  "JO  volts  were  JM-ing  us.-d  to  drive  a  nu.tor  to 
produce  alternating  current,  the  secondary  winding  of  the 
sledge  coil  would  have  to  be  made  with  much  finer  wire  and 
with  a  far  greater  number  (.f  tun.s  than  the  primary. 

The  same  type  of  volt -selector  that  is  used  for  the 
direct  current  will  also  serve  with  the  alU'rnating  current 
(p.  2()).  It  is  also  known  as  a  shunt  rheostat,  since  the 
patient's  circuit  and  the  coil  circuit  are  alternative  paths 
for  the  current.  As  soon  as  the  current  is  turned  on  the 
lamp  glows  a  dull  red,  and  current  is  being  continually 
used,  whether  the  shunt  circuit  to  the  patient  is  used  (.r  not. 
Since  the  current  is  thus  continually  passing  through  the 
wire  of  the  rheostat,  this  is  gradually  heated  owing  to  the 
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rcsist'incp  offered  by  the  wire  ;  and  if  the  hand  is  placed 
upon  the  coil  wound  round  the  slate  bed  the  coil  will  feel 
hot  after  it  has  been  in  use  for  a  few  minutes.  It  never 
becomes  danperously  hot,  however,  or  hot  enough  to  burn 
the  insulation  of  the  neighbouring  coils.  If  the  metal  bar  is 
kept  well  polished,  and  the  surface  of  the  coil  bright,  the 
metal  spring  will  slide  smoothly  on  the  coil,  giving  a  regular 
and  smooth  increase  of  voltage  and  current  without  any 
sudden  shocks  to  the  patient. 

This  form  of  volt-selector  will  do  equally  well  for  the 
direct  or  alternating  current  ;  but  if  the  alternating  current 
is  required  for  use  in  the  electric  b;  th,  then  a  modified 
form  of  apparatus  will  be  necessary,  since  ♦hat  just  de- 
scribed will  not  protect  the  patient  from  the  earth  current 
due  to  leakage.  Moreover,  even  if  not  immersed  in  a 
bath —only  one  arm,  for  example,  being  treated  in  an  in- 
sulated arm  bath  -  were  the  patient  to  touch  a  water  or 
gas  tap  or  electric  switch  with  his  other  hand,  he  would  be 
liable  to  a  severe  shock  at  the  same  pressure  as  the  full 
voltage  used  in  the  house.  For  that  reason,  the  precaution 
is  taken  of  inserting  a  new  small  transformer  circuit  on  the 
volt-selector  apparatus  (Fig.  H.  p.  :)t)).  consisting  of  two  coils 
of  wire,  primary  and  secondary,  one  placed  over  the  other, 
but  having  no  contact  with  each  other,  just  like  the  primary 
and  secondary  co''s  of  a  faradic  battery.  The  wires  from 
the  house  main  .are  connected  with  the  })rimary  coil,  while 
the  secondary  coil  is  connected  to  the  rheostat  or  volt  selec- 
tor. This  latter  circuit  is,  therefore,  completely  insulated 
from  the  main  current,  as  the  j)atient's  circuit  is  supplied 
only  liV  the  current  which  is  induced  in  the  secondary 
coil.  Its  method  of  induction  is  similar  to  that  ot  the  larger 
stationary  transformer  in  the  basement  of  the  house,  only 
of  simpler  design  ;  it  closely  resembles  a  faradic  primary 
and  secondary  coil,  but  without  the  interrupting  hammer 
of  the  latter.  No  interruptor  is  necessary,  becaiise  the 
t'xuiliug  currt'iit  is  already  aiivniatin^j ;    whereas  in  the 
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faradic  apparatus  the  exciting  current  in  the  primary  is  a 
constant  current,  and  therefore  it  must  be  rapidly  inter- 
rupted in  crder  to  induce  an  interrupted  current  in  the 
secondary.  With  this  modified  form  of  rheostat  there  is 
absolutely  no  danger  of  any  accidental  shock  from  leakage 
of  earth  current,  but  the  apparatus  can  only  be  used  for 
alU^rnating  current. 

In  districts  which  are  supplied  by  the  direct  and  not 
alternating  current,  the  direct  current  can  Ite  made  to  yield 
the   alternating  type   by  means  of  a  motor  transformer. 
The  direct  current  is  used  to  drive  a  DC    motor,  wound 
for  the  j)articular  voltage  of  the  circuit ;   and  the  armature 
of  the  motor  is  tapped  at  two  exactly  opposite  points  and 
the  current  led  to  a  pair  of  slip  rings  insulated  from  each 
other  on  the  axle  of  the  motor.     Thence  the  current  can 
be   collected    by   means  of  brushes   rubbing  on   the   rings 
and   led  to  terminal   binding  screws.     This  current  is  an 
alternating  current,   and   its   voltage   compares  with  that 
of  the  direct  current  driving  the  motor  as  1  :  ^'2.     That  is 
to  say,  if  the  voltjige  of  the  direct  main  current  driving  the 
motor  is  '210  volts,  then  the  resultant  alternating  current 
is    produced   at   a    pressure   of   about    170   volts,    roughly 
about  five-sevenths,  or  70  per  cent.,  of  the  voltage  of  the 
main  driving  current.     This  current  is  not,  liowever,  per- 
fectly safe  to  use  for  all  pur})08es.  bt<-aU8e  it  is  more  or 
less  in  cor.tact  through  the  motor  with  the  main  current, 
and  there  is,  therefore,  a  danger  of  shock  from  an  earth 
current.     It    can,    however,    be    made   absolutely   safe    by 
passing  thf.'  alternating  current  obtained  from  the  machine 
through  a  small  transformer  similar  to  that  described  above 
for  using  the  alternating  main  current  in  the  electric  bath. 
The    best    modern    machines    supplied    by    medical    elec- 
tricians now  always  include  such  a  transformer,  and  the 
current   that   is    used    for   application    to    patients,  or   for 
cautery  and   light,  being  taken  from  tlie  induced  current 
m  the  secoiidury  winding  of  the  tran^fornHT,  is  ab«<.luteiy 
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safo,  witli  no  possibility  of  sliock  from  an  earth  current, 
and  tin',  patient  or  rtprrator  cm  touch  with  impunity  an 
electric  switi-h  or  wati  i  tap  whiK'  using  this  alternating 
current. 

The  siin])le  alternating  current  just  des-rihed  is  some- 
times spoken  of  as  single-jdiase,  the  positive  and  negative 
pliases  of  its  electromotive  frtrce  suiceeding  each  other 
with  perfect  regularity,  so  that  if  the  curve  of  its  EMF 
is  plotted  out  gra])hically  it  a])proximates  a  true  sine 
curve  (p.  -J.^t*).  Owing  to  the  rapid  oscillations  of  its  EMF 
th"  action  of  the  current  on  neuro-muscular  tissue  reseml»les 
that  of  fiiradism.  the  muscle  lieing  tetaiiised.  Moreover, 
since  the  positive  and  negative  values  of  th<'  current  rapidly 
succeed  one  another,  from  It)  to  lio  times  per  second,  the 
current  has  no  electrolytic  actini.  With  special  ma  bines 
to  incnsise  the  ])eriodiiity  of  the  current,  it  has  heen  found 
that  muscular  excitation  increases  with  the  frecpu'ucy 
up  to  -J.CMK)  or  :i.(KM»  alternations  per  second;  ir  then 
diminishes  and  disap])ears  entirely  ahove  In. (KM)  alterna- 
tions per  second.  .\t  this  ])oint  the  ])henomena  of  high 
fre»piency  currents  hegin  to  a})j>ear.  Sinusoidal  currents 
at  fr.  (luencies  of  I'o  to  1;")<>  per  second  produce  good  mot(»r 
results,  especially  upon  non-striated  muscle.  To  obtain 
alternating  currents  with  lower  frecjuencies  than  4()  per 
second,  a  motor  generator  must  be  used  which  i.s  wound 
to  produce  the  slow  s])eed  of  alternation  required  (p.  1^8). 

If  the  sinusoidal  current  is  obtained  from  the  alternat- 
ing current  mains,  its  periodicity,  or  number  of  complete 
cycles  of  VAIV  per  second,  will  be  lixed,  (h'pending  on 
the,  frecpiency  of  the  alternations  in  the  generators  at  the 
])owerdiouse.  These  usually  vary  in  ditTen-Jit  districts 
from  10  t:i  lio  per  s<'cond.  but  the  ])eriodicity  ought  not 
to  vary  in  the  |)articular  installation.  Lower  frecpu'ncies 
thin  U)  ])er  second  are  unsuitable  for  electri*;  ligliting 
circuits,  that  speed  being  the  least  that  will  maintain  a 
steady  glow  in  an  incand<'scenr  lamp. 
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If  tho  sinusoidal  rurrcnt  is  olttainod  from  ii  motor 
tr.insforiiifr,  driven  hy  the  direct  main  currfiit,  the  jM-rioil- 
icity  of  the  transformed  riirrent  will  de2)end  on  the  speed 
of  revolution  of  the  motor,  and  its  voltap'  will  l>e  ahout 
three-fiffhs  of  the  voltajje  of    '<e  drivinj,'  current. 

If  an  alt4»rnating  current  is  passed  through  a  coil  of  wire 
around  a  soft  iron  core,  it  has  a  certain  majrii  tic  action  o.i 
the  iron,  and  it  is  this  property  wliich  is  made  use  of  in 
an  instrument  called  the  "  Neuron."  which  is  a  large  alter- 
nating current  electro-magnet  (p.  -iOT). 

This  property  of  the  current  can  he  tested  hy  jiassing 
the  curretit  from  a  lamp  resistance  through  the  ]»rimary 
coil  and  interru])ting  hammer  circuit  of  an  ordinary  cell- 
driven  faradic  hattery.  If  tin'  hammer  is  wfll  hung  and 
the  spring  tension  is  correctly  ;  Ijusted,  it  will  he  found  that 
the  int4»rrupting  liammer  heg  s  to  vihrate  gently,  and  tliis 
test  is  sometimes  used  by  instrumejit  makers  for  a  correctly 
adjusted  faradic  a))paratus; 

Modified  forms  of  sinusoidal  currents :  pul- 
sating unidirectional  current.    Hy  means  of  a  ( om- 

nuitator  fixed  on  the  axle  of  tlu'  motor  transformer,  it 
is  pos.sihle  to  alter  the  form  of  the  sinusoidal  current  so 
that  instead  of  obtaining  negative  waves  of  EMK  imme- 
diately following  and  equal  to  the  positive  waves,  the 
current  consists  of  a  succession  of  positive  waves.  It 
is,  so  to  s])eak,  as  if  the  negative  waves  of  the  sine  curve 
had  been  turned  over  and  laid  down  again  on  the  upper 
si(U'  of  the  basfi  line  (Fig.  1'.).  p.  L'"*.)). 

A  somewhat  similar  effect  can  be  produced  witli  the 
alternating  current  from  the  main  by  passing  it  through 
an  electrolytic  rectifier  of  aluminium  lells,  callt  d  a  Nodon 
valve.  These  cells  have  the  prop;  rty  of  offering  a  very 
high  resistance  to  the  waves  of  EMK  in  one  direction, 
l>ut  offer  j)ractically  no  resistance  to  the  waves  of  o]>]»(  sit«' 
sign.  Each  cell  will  tlius  block  the  waves  in  one  direction 
up  to  a  pressure  of  '2'2  volts,  and,  therefore,  to  block  out  all 
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th«»  WJIV09  in  ono  diroction  for  a  current  of  100  volts,  it  will 
he  nccossary  to  um'.  five  of  such  cells  in  spries,  and  twelve 
cells  for  a  current  of  240  volts.     Using  this  arrangement,  a 
pulsating    unidirectional    current    is    obtained,    somewhat 
.similar  to  that  just  described,  but  with  only  half  the  number 
of  waves,  the  alternati;  waves  being  blocked.     This  Nodon 
valve   arrangement  is   ma<le   use   of  sometimes   in    X-ray 
work  for  employing  the  alternating  current  main  for  work- 
ing the  X-ray  coil  und  its  interruptor,  for  it  lias  the  effect 
of  producing  a  current  constant   in  direction  though  j)ul- 
siting,  tiie  speed  of  the  interruptions  being  one  half  the 
periodicity  of  the  particular  alternating  current  used.     A 
good  form  of  aluminium  electrolytic  rectifier  has  a  large 
passive  electrode  of  lead,  and  a  smaller  active  electrode  of 
an  alloy  of  zinc  and  aluminium,  in  a  saturat<«d  solution  of 
ammonium   phosphate.     Aluminium  has   the   property  of 
offering  a  great  resistance  to  the  passage  of  a  current  when 
it  is  the  anode,  so  that  a  current  of  less  tlian  I'L'  volts  can- 
not pass  at  all  ;    when  the  aluminium  is  tlie  kuthcde  no 
resistanct'  is  offered  to  the  passage  of  the  current.     This 
action  is  due  to  a  polarising  effect  of  the  current,  so  that  a 
thin  film  of  aluminium  oxide  is  formed  upon  the  anode. 
This  electrolytic  rectifier  gets  warm  with  ])rolonged  work- 
ing, and  the   valve  effect  falls  off  when  tlie   temperature 
exceeds  40"  C. 

An  economical  way  of  using  the  alternating  main  cur- 
rent for  X-ray  coils  is  to  charge  accumulators  through  a 
Nodon  valve,  and  work  the  coil  and  it«  intvrruptor  oflf 
the  accumulators. 

Polyphase  currents.  -  We  have  already  sj)oken  of  the 
single-phase  alternating  current,  which  is  the  form  usually 
supplied  on  main  alternating  current  circuits.  This  is 
obtained  by  tapping  the  current  induced  in  the  rotating 
armature  at  two  diamt>trically  opposite  )>oints,  and  leading 
the  current  to  a  pair  of  insulated  rings  on  the  axle,  whence 
collecting  bru.shes  deliver  it  to  the  external  circuit.     If.  how- 
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ever,  the  wiiidinga  of  the  armature  be  arranged  in  three 
groups  at  equal  distancps.  and  one  end  of  the  wire  winding  of 
each  is  led  on  to  a  collecting  ring  on  the  axle,  while  the  other 
ends  of  the  three  groups  are  connected  together,  we  shall 


Fig.  20.  -  Diiigram  of  sing!.-  phaa-  ami  three  i>l.ase  currents. 

then  obtain  what  is  called  a  "  three-phase  "  eurn'nt  (Fig. 
1»<»).     Thn'e  8eparat<'  waves  are  generated,  each  of  which  is 
exactly  like  a  single-phase  wave, 
alternating  positive  and  negative, 
so    that    with    tliree    slij)    rings. 
A,  B,  C,  from    AiJch  are  led  of! 
three  wires  attac'.ied  to  three  elec- 
trodes,   there   will    be    a  flow  of 
current  In'tween  A  and  B.  between 
B   and   C,    and   also   between   C 
and    A.      Similarly   a   two-,   four- 
might  be  produced  by  dividing  the   winding  of  the  arma- 
ture into  four  or   five   equal    ])art8,    leading  one    end  on 
to  separate   insulated  slip    rings    on   the   axle,   and  join- 
ing together  the  other  ends. 

A  two-phase  current  is  jjroduced  by  arranging  the 
windings  of  the  armature  in  (piadrature,  four  slip  rings 
and  four  wires  being  necessary.  The  maximum  of  the 
positive  and  negative  values  of  the  second  phase  (,ccur 
precisely  at  the  moment  that  the  curve  of  the  first  phase 
crosses  the  zero  line  ;  that  is  to  say,  the  second  phase 
is  exactly  one-quart<>r  of  a  whole  cycle  later  than  the  first 
(Fig.  21).  The  voltage  ratio  of  a  three-jdiase  current  to 
that  of  the  direct  curn-iit  driving  the  converter  wiii  be  as 


F'JK  20a.     Diagrara  of  pulsa- 
ting unitlirectioual  current. 

or   five-phase    eurn'nt 


i 


29B 


ELECTRICAL  TREATMENT 


a 


J:\ :  2  J2,  or  Til  por  cont.  A  two-phase  rurront  will  be  70 
|Mr  cent.,  and  a  four-]»lias<'  ciirrt'iit  50  p«'r  cont.  of  the 
driving  curn'nt  voltaic. 
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Fi};.  "Jl. — Alteriiafo  riinciits  in  (iiiadiiitiitf,  or  '•  twu  jiliast-  "'  ciiiifiif. 

Three-phase  sinusoidal  currents  an-  sonutinus  cm- 

plovcd  in    nir<li<iii<',   and   thoy    form   a    vt'iy  smooth    and 


ri}r.  '2'1.  Dia^raJii  of  tlinv- 
jdiasc  altcniatiiij;  cuiTeiit 
(lyiiaiiici. 


easy  form  of  rurront  to  hoar.  The  niothod  of  obtaining 
thom  is  to  drivo  a  DC  motor  and  to  tap  tho  armaturo  at 
throo    oijuidistant   points,    loadinfj;   tho   curronts   to   three 
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insulated  slip-rings  on  tho  nxh  (Fig.  22).  Tho  curronta 
tiikcu  off  from  those  rings  hy  moans  of  collecting  hrushcs  arc 
led  through  three  primary  coils  of  u  sledge  transf<»rmer,  tin* 
secondary  coils  which  slide  over  the  primaries  hein^  usually 
fixed  together  so  that  one  movement  jjushes  them  all  for- 
wards or  backwards  (Fig. 
2.'i).  The  induced  currents 
developed  in  thesis  secondary 
coils  are  led  l>y  means  of 
three  wires  and  electrodes  to 
the  patient  or  electric  hath. 
Owing  to  the  complete  insiila- 
tion  of  the  patient  from  the 
main  circuit  1>v  means  of  the 


Fijr.  •>.').— Motor  triitsfomior.  witli  thrrr  slcdjrc  (nils,  to  utiliso  dinct 
main  current,  producing  8inglo-iiha.se  or  time  plmsr  sinusoidal 
currents. 

sledge  transformer,  there  is  absolutely  no  risk  of  any 
accidental  shock  from  an  earth  current. 

Tiiese  three-phase  currents  are  useful  in  the  treatment 

of  gastric  atony  and  dilatation,  one  pol<'  being  passed 

into  til?  stomach  by  means  <.f  a  special  intragastri*; 
electrode,  as  described  under  "  Faradic  Treatment."  If 
this  instrument  is  not  available  a  good  substitute  may  be 
made  by  passing  a  flexible  stomach-tube  into  tlie  stomacli, 
and  after  pouring  a  little  warm  w.itcr  down  the  tube  pi.s.s 
a  medium  stiff  copper  wire  down  inside  the  stomach-tube 
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after  woU  buttering  the  wire  to  make  it  slip  down  easily. 
The  neoessary  length  to  which  the  copper  wire  is  to  Ik> 
passed  must  he  first  marked  ujxm  it  l.y  measuring  it  against 
the  8tomach-tul)e,  and  it  should  be  passed  juat  a  sufficient 
length  for  its  lower  end  to  rest  against  the  lower  orifice 
of  the  stomach-tube.  Three-phase  currents  may  also 
be  similarly  made  use  of  for  intrarectal  treatment  for 
constipation,  or  for  the  full  bath  treatment.  Since 
atony  of  the  lower  bowel  and  constipation  so  frequently 
accompany  gastric  atony  and  dilatation  of  the  stomach,  a 
good  arrangement  of  the  thnn-  electrodes  wlien  using  three- 
phase  currents  in  the  treatment  (.f  this  condition  is  for  one 
electrode  to  be  passed  into  the  stomach  and  one  into  the 
rectum,  while  the  third  should  be  a  pad  electrode  applied 
to  the  epigastrium; 

With  a  machine  built  for  sup})lying  three-phase  currents 
it  is  not  always  necessary  to  use  all  three  electrodes,  as  if 
oidy  two  are  used  the  patient  will  then  receive  a  single-pluise 
current. 

We    have    already    mentioned    that    a    pulsating    uni- 
directional current  may  be  obtained  from  such  a  machine 
by  the  comparatively  inexpensive  device  of  fixing  a  com- 
mutator upon  the  axle,  so  that  the  same  machine   may 
be  made  use  of  for  three-phase,  single-plwse.  or  pulsating 
unidirectional  current.     It  is  also  possible  to  fit  the  axle 
of   these    machines   with   the    Leduc   transf«jrmer   for   the 
direct  current,   to  convert    it   into   a   rapidly  interrupted 
or   a   rapidly    reversed   galvanic   current.      Moreover,  the 
machine     may    be     fitted    with    a    lamj)    resistance,    volt 
selector,   and   galvai.omet^-r   for  the  application   of  direct 
current,  and  a  sej)arate  volt  selector  for  the  use  of  the 
transformed    alternating   current    for   caut<.«ry   and    lamp. 
The  motor  may  also  be  used  to  work  a  dentist's  or  surgeon's 
drill,  or  a  flexible  apparatus  for  applying  vibratory  massage* 
To  re<'a]>itii!iit<'  :    a  motor  transformer  worked  by  the 
direct  main  current  can  be  arranged  to  supply  (1)  direct 
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rurront  for  olpctro-thorapeutic  a|)plicati«)n,  (2)  sinpir-  or 
throe-pha8«  sinusoidal  currents  for  rW-tro-thoraprutic 
purposes,  {'.))  altornating  current  for  cautery,  (4)  alt^rnat- 
inji  current  for  surgical  lamps,  (."i)  pulsatinp  unidirectional 
current  for  electro-therapeutic  purpost's,  (fi)  I^'duc  currents 
(interrupted  or  rapidly  reversed  galvanisni  for  apj)lication 
to  patients),  (7)  vibratory  massape,  (8)  motor  power  to 
work  a  dental  or  surgical  drill,  trephine,  etc.  These 
machines  are  niiide  remarkably  compact,  and  will  cost 
from  £20  to  £'>."),  according  to  their  size  and  equip- 
ment. 

Sinusoidal  current  is  an  extremely  useful  form  of  current 
for  bath  treatment,  either  for  local  arm-  or  leg-batlis,  for 
the  four-cell  Schnee  bath,  or  for  a  full  electric  bath.     As 
previously  said,  in  its  general  effects  it  resembles  faradism 
in  its  tetani.sing  eS.^t  on  muscle,  but  the  current  is  much 
less  painful  than   faradism,  owing  to  its  smoothness  and 
regularity  of  alternation.     Faradism,  moreover,  is  not  so 
truly  an  alternating  current,  the  break  currents  being   so 
much  more  powerful  than  the  currents  developed  at  make, 
that  the  ffi'-adic  current  is,  tr,  all  intents  and  pur]>ose,s, 
a  unidirectional  current.     Sinusoidal  current  electric  baths 
are  a  most  excellent  method  of  treating  cases  of  spastic 
paralysis,   whether   hemiplegic   or   paraplegic  ;     it   is   also 
useful  for  tabes  dorsivlis,  peripheral  neuritis,  and  muscular 
atrophies.     In  spastic  cases,  as  in  the  late  rigidity  of  hemi- 
plegia and  in  spastic  paraplegia  from  myelitis,  disseminatcjl 
sclerosis,  etc.,  the  current  in  the  majority  of  cases  appears 
to  diminish  the  rigidity,  so  that  the  fingers  and  wiist  or 
the  ankle  can  be  moved  more  easily,  and  the  patients  feel 
better  and  stronger. 

In  the  treatment  of  the  commencing  late  rigidity  of 
hemiplegia,  an  arm  bath  and  a  foot  bath  should  be  used, 
the  arm  bath  being  arranged  by  the  side  of  a  chair  in 
which  the  patient  sits,  so  that  the  whole  forearm  can 
be   placed    comfortably   in    it,    the  water   covering    the 
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»'I1m>w.  a  fiH.t  liiitli  in  similarly  plucrd  f«»r  the  foot  of  i]w 
piiriilvrt"<l  sitlt'.  ff  the  S<'lui»'r  l»iith  is  iiviiilahh',  the  urm- 
Icitli  iiiiil  foothiith  of  ono  sidf  only  arc  to  1w>  usi'd,  om* 
elect  null'  (lippiiifZ  into  the  wat^T  of  each  hath.  The  current 
should  ho  applied  di'.ily  for  aliout  twenty  minutes  hy  nieai.s 
of  the  shunt  rlie(. stilt  or  volt  selector,  nsinfj  a  jm  ssure  of 
aliout  lo  volts.  The  streii^'th  of  current  should  he  just 
sufricieiit  to  t^'taiii.se  weakly  the  nitisch  s  of  tlu'  forearin, 
ami,  with  the  forearm  immersed  in  water,  the  supinator 
I'Mij^UH  will  he  si'eii  t(»  stand  out  in  contraction  i.s  the 
pressup'  of  the  current  ajtjiroaches  lO  volts.  Mi  ssafjc 
t)  th"  ptr.ilysed  arm  aiul  lej^  should  he  given  daily  also 
if  jMiSrtihIe. 

Spastic  paraplegia,  whetlier  <1ue  to  disseniinat<'d 
3 'lerosis,  a  previous  attack  of  acute  transverse  myelitis, 
or  to  chronic^  comhined  or  lat«'ral  sclercsis,  nuiy  often 
he  advantageously  treated  hy  means  of  alternating  current 
hatlis,  each  foot  ]»laced  in  a  foot  hath  with  warm  water 
to  cover  it  up  to  the  ankle.  The  effect  of  the  current  is  to 
diminish  the  spasticity,  and  thus  the  limit  appears  strong!  r 
and  more  lifi'like  to  the  j)atient.  Each  volt  selector  is 
UHUilly  provided  with  a  graduated  scale  ])laccd  along  it, 
and  an  indicator  attached  to  the  sliding  spring  contact  to 
mark  the  point  reached  on  the  scale.  These  scaK  s  Jire 
purely  arbitrary  in  their  divisioi  s  ;  hut  when  the  sliding 
spring  contact  is  pushed  iS  far  to  the  h'ft  ;  s  ])(  Sbihlo,  the 
maximum  voltage  (thtainahle  will  he  about  10  per  cent, 
of  the  main  current  pressure  supplied  to  the  rhei  stat.  In 
])ractice,  the  point  on  the  scale  at  which  the  voltage  is  usually 
sufTi'Ment  for  ono  patient  with  good  water  contact  will  he- 
come  familiar  to  the  operator  through  constantly  using 
the  same  rheostat.  Patie!its  who  are  paraplegic,  how- 
over,  or  who  are  ana-sthetic,  usually  require  a  greater 
voltage  and  a  correspondingly  higher  number  on  the  scale 
for  their  treatment. 

Progressive  muscular  atrophy,    due    to    chronic 
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nnti-rior  puliomyt'litirt,  inay  Im-  tri'iiU-d  with  HiniiHitidnl 
current  liitliH.  <'ith<'r  with  the  f(»ur-<<ll  or  thf  full  hydm- 
oh'ctric  Imth  ;  hut,  as  n  rulr,  it  wdl  hr  hcttvr  t«»  trrut  thtHt- 
ci8"8  with  Kilvauism  rithfr  in  th«^  full  I'lfctrir  hath  or  in 
iirni  or  foot  hitlw,  usin^  tho  *lir«>(t  or  constiint  «urn'nt, 
rtl'»wly  n^vrrsvi  ahuit  twirc  a  s-cond  hy  inoann  of  a 
mechanical  rcvcrsT,  such  ;«  the  nictro?ionic  |>rcviouHlv 
dcs-rihcd,  fitted  with  a  stnill  Pold'n  conuiiutator  (p.   I  \:',.) 

Muscular  dystrophies,  or  myopathics,  may  Ik"  treated 
with  sinus  lid  il  (Mirrent  arm-  and  le^-liaths,  and  I  have 
treated  a  ease  of  the  Ijandou/.y-Dejcrine  t\'|H'  at  St.  Marv's 
H(  spital  rejiularly  twice  a  week  for  ahout  six  years,  during 
which  period  the  patient  is  confi<lent  the  weakness  did  not 
net  any  worse,  thoujih  for  the  previous  seven  years  he  had 
gradually  become  extremely  wasted  and  weak. 

The  muscular  dystrojihic  s  are  usually  divided  into  four 
prou])3  for  clinical  cljissificatinn  :  (1)  Pseudo-hypertrnidiic, 
or  Duchenne'a  paralysis ;  (2)  Erh's  juvenile  profjressive 
mus.nilir  atrophy  ;  (.i)  Landouzy-Dejerine  type,  or  faeio- 
snipulo-humeral ;  and  (4)  peroneal  type,  or  type  of  Uiarcot- 
Marie-Tooth. 

In  all  the  muscular  dystrophies  the  electrical  reactioi  s 
will  he  diminished  in  proportion  to  the  degree  of  muscular 
Wiisting.  The  reactioi. s  hoth  to  faradism  and  to  galvanism 
will  be  slugg  sh,  but  there  is  nothing  aj)jtroaching  the  re- 
action of  degeneration. 

The  pseudo-hypertrophic  type  nearly  always  com- 
mences in  childhood,  and  is  almc  st  limited  to  the  male 
ai'X.  It  is  markedly  hereditary,  and  is  trai  smitted  through 
tho  female  line,  though  the  females  theniselves  usuallv 
escape.  The  males  rarely  live  long  enough  f)r  retain  sufli- 
cient  strength  for  marriage.  The  muscles  that  are  usually 
hypertrophied  are  the  glut^Mis,  gi  strocnemiis,  deltoid  and 
infraspinatus,  while  the  first  miiscN  s  to  atrophy  are  lisuallv 
the  upper  arm  and  thigh  musch  s,  and  the  miisch  s  bound- 
ing the  axilla  and  shoulder  girdle,  the  lower  pectoral,  latissi- 
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miiH,  th"  wh(.|f  of  tho  truprziiis,  «<'rriitu«  ina«nii«,  and  lator 
thf  rrrrtor  npinir.     For  tin-  first  few  yrnrn  thoro  niiiy  In-  no 
atn)|»hv  of  th«'  forrarni  «)r  h-jr  iniisli-n,  thounh  thoH*.,  too, 
miiy   sufT.T   latt-r.     Owin^j  to   thr   wraknosH  of  tho   thigh 
mifflcN'S.  inclurlin).'  th«M'xt<'n.sorsof  tho  kru-r.  walking.  I'spiTJ- 
:illy  upstairs,  isdifTicult,  ami  no  too  is  rising  from  the  ground. 
I)«'f«»rrniti(s  ultirnat^'ly  rrippio  tho  patient,  owing  to  ron- 
frarf  urc  of  othor  numclrs,  ciiusing  talip«'8  (.f  diflFrront  kinds, 
scoliosis.  pU\      The  musrular    atrophy  is  usually  remark - 
al»ly  nymmotrical,  and  that  point,  together  witix  the  ahsenre 
of  fihriilary  tremors,  its  heredity  and  distrihutirm  in  several 
memherH  of  the  Bime  family,  and  th«'  fart  that  tlie  riistri- 
hution  of  the   muscular  atrophy  does  not  corresfwn  1    to 
spinal  segments,  all  comhine  in  differentiating  the  diserse 
from  a  chronic  spinal  atrophv. 

Erb's  juvenile  form  somewhat  resembles  the  pseudo- 
hypertrophic in   the  distribution   of  the  atrophy  and  its 
slow  progress  ;    hut  differs  from  it  in  affecting  l)oth  sexes 
about   equally,    in   comn^encing   later,    about   the   age   of 
puberty,  and  in  the  absence  of  any  pseudohypertrophy. 
Like  the  pseudo-hypertrophic,  it  tends  to  nin  in  families. 
Landouzy-Dejerine   tjrpe  may  be  compared  to  the 
Krb's   juvenile    form,    with   the   addition   of   symmetrical 
facial    atrophy.     This    myopathic    facies    is    peculiar   and 
easily  recognised,  the  atrophy  of  the  frontalis  giving  a  very 
smooth  appearance  to  the  forehead  ;  and  there  is  additional 
atrophy  of  the  sphincter  muscles  of  the  eyes  and  lips,  the 
patient  being  unable  to  close  the  eyes  or  purse  up  the 
lips,  while  the  eyes  usually  appear  very  prominent  and  the 
lips  have  a  peculiar  pouting  appearance.   The  facial  diplegia 
in  this  type  of  muscular  dystrophy  usually  dates  from  birth, 
and  the  mother  may  notice  that  the  infant  is  unable  to 
suck  or  io  close  the  eyes  properly.     In  early  childhood, 
and  up  to  the  age  of  nine  or  ten,  there  may  be  no  further 
atrophy  of  any  other  muscles  noticeable,  and  the  case  may 
be  misunderstood  unless  it  is  remembered  that  the  facial 
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atrophy  «.f  tliJH  nrou|»  -if  th.-  myopathirn  is  iliHtiiu  ti\«>,  hikI 
miiy  tliit*'  from  irifainy. 

The  peroneal  type  of  (•luinot-Mari.-T.M.th  may  ho 
dividi'd  into  tw«»  forms  thi-  pr«>nri'KHivf  niiiritir  »uh1 
the  myoputhif.  Th.'  Iatt«'r.  Iik«<  the  <.th.'r  ni;opathi,H,  is 
strikinnly  hcr.^litary,  ami  proLahly  afTi-cts  wv«-ral  nu'mhris 
of  tho  (iamo  fjiMn-ration.  Its  distinrtivr  <harart«'r  is  the 
pr.miry  wastinp  „f  th<'  muscles  Irt-low  the  km-c,  th.'  lalf  ami 
antf'rior  tihial  ami  intrinsic  foot  muscl.'s  all  lM'coininj{ 
atrophi.'.l.  Th*-  atro|ihy  next  afTccts  tho  If)wi'r  portion  of 
the  thiyh  muscles,  the  le^s  appearing  pej{-top  shaped  ; 
the  intrinsic  hand  muncles  are  next  itivolved-  muscles 
which  rarely  show  much  wasting  in  th.-  other  myopathies 
and  then  only  late  in  the  .liseas.',  wh.-n  the  upper  arm  an.l 
shoulder  girdle  muscles  are  extremely  waste.l. 

The  progressive  neuritic  form  is  not  really  a  inyo- 
pithy  or  muscular  dvstrophv  at  all,  hut  mav  resemhle  the 
form  just  descriWd  in  its  muscular  distrihution.  The 
nerv<>s  are  sometimes  much  eidar^ed  and  prominent,  such 
as  the  external  popliteal  and  ulnar  ;  and  there  is  often 
extensive  ansrsthesia,  which  may  he  diss(Kiat«Kl  as  in 
syringomyelia  ;  or  it  may  he  revers.'d.  with  loss  of  tactile 
sonse  and  preservation  of  the  sense  of  pain  and  tempera- 
ture. In  some  of  these  cases  the  pupils  may  he  of  th" 
Arpyll-Rohertson  type,  with  loss  of  the  reaction  to  light, 
and  autopsies  upon  them  have  shown  extei.aive  degenera- 
tion in  the  postt'rior  columns,  in  addition  to  the  In-jjcr- 
trophic  neuritis. 

Myotonia  congenita,  or  Thomsen  s  disease,  is  an 
hereditary  condition  of  muscular  rigidity  affecting  especi- 
ally the  limh  muscles,  in  which  the  rigidity  aj^ars  while 
the  muscles  are  at  rest,  thus  hampering  movements  at 
their  commencement,  though  as  the  movements  are  con- 
tinued the  rigidity  wears  off  for  the  time,  as  long  as  the 
motion  is  eontinucd.  Electrical  treatment  appears  to  be 
of  no  service  in  these  cases. 
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Amyotonia.,  or  myatonia  conponita,  is  a  curious  form 
of  lark  of  muscular  dovolopmont  in  younp  ohildron,  in 
which  there  is  no  particular  pniup  affoct<'d  ;  but  all  the 
muscles  of  the  lower  extremities,  or,  in  some  cases,  the 
trunk  and  upper  limb  muscles  also,  are  apparently  equally 
wasted  and  atonic,  thouch  really  they  are  undeveloped. 
They  are  e.Ktremely  flaccid  and  all  the  joint  movements 
are  limp,  so  that  the  feet  and  legs  can  be  placed  in  prac- 
tically any  position  without  any  resistance  being  offered 
hv  Umk  muscular  action.  The  knee-jerks  are  usually 
absent.  There  is  little  or  no  voluntary  power  over 
these  muscles,  and  the  children  usually  lie  or  sit  huddled 
rp,  s-nd  are  unable  t<i  stand  or  walk,  but  may  be 
J  '«  to  crawl  alx.ut  the  floor  in  a  squatting,  frog-like  pos- 
ii  ,  .  The  condition  is  sometimes  congenital,  and  in  other 
case.-*  the  child  may  appear  to  be  normal  for  the  first  year 
or  two.  and  the  condition  may  then  develop  after  some  slight 
illness.  The  muscles  react  very  slightly  to  faradism.  and 
these  children  appear  to  tolerate  surprisingly  strong  currents 
without  any  apparent  pain.  The  prognosis  is  usually  gof»d, 
though  progress  is  slow.  The  diseases  for  which  amyotonia 
is  likely  to  be  mistaken  are  rickets,  infantile  paralysis, 
and  myopathy.  Persistent  massage  and  treatment  with 
faradic  cirrents  should  be  employed. 

The  Werdnig'-Hoflfinailll  type  of  spinal  atrophy  is  a 
chronic  j)rogressive  muscular  atrophy,  due  to  a  chronic 
anterior  poliomyelitis,  in  quite  young  children,  even  infants 
under  a  year  old  having  suffered  from  it.  In  older  children 
it  may  affect  the  facial  and  bulbar  muscles,  and  it  is  always 
fatal  in  from  one  to  four  or  five  years.  Probably  the 
hydro-electric  full  galvanic  bath  daily  would  be  the  best 
form  of  electrical  treatment  for  this  rare  disease. 

Periodic  paralysis. — This  is  a  rare  form  of  muscular 
paralysis  affecting  all  the  muscles  of  the  limbs  and  trunk. 
It  usually  runs  in  families,  and  the  attacks  recur  at  inter- 
vals   throughout    life,    commencing    in    early    childhood. 


PERIODIC   PARALYSIS  3(»T 

Every  now  and  th«'n-it  may  W  once  a  wopk.  or  only  every 
few  montlis— the  patient,  male  or  female,  notirrs  a  rapidfv 
progressive  languor  and  heaviness  of  the  limls.  sometimes 
accompanied   at    the   commencement    hy   slight    pins-and- 
needles  sensation.     The  limbs  and  trunk  muscles  hecome 
completely  paralysed  in  a  few  hours,  remaining  in  that  con- 
dition for  several  hours  to  a  day.  when  the  i)ower  gradually 
returns  again.     At  the  same  time,  respiration  is  slightly 
hurried  and  difFicult.  though  the  diaphragm  is  never  para- 
lysed.    Speech  and  the  eye  movements  are  not  lost,  nor  is 
there   sphincter    paralysis,    nor   loss   of  sensjition   of   any 
kind.     Some  dilatation  of  the  heart  has  l)een  noticed  in 
several  cases. 

A  very  curious  point  in  this  form  of  paralysis,  which 
has  never  heen  explained,  is  the  less  of  electricafirritability 
in  all  the  paralysed  muscles,  both  to  faradism  and  to  gal- 
vanism,  though  the   electrical    reactions   return   with   the 
voluntary  jmwer.     This  condition,  therefore,  differs  strik- 
ingly from  myasthenia  gravis,  in  which,  after  the  muscle 
has  been  exhausted  to  voluntary  power,  it  will  still  contract 
to  faradism,  and  after  it  has  been   further  e.xhausti  d   to 
faradism  it  will  still  contract  normally  to  galvanism.    More- 
over, muscles  paralysed  by  curari  will  still  react  to  electrical 
stimuli,  and  for  these  reasons  it  is  thought  that  the  lesion 
causing  the  temporary  paralysis  cannot  be  in  the  nerve 
fibres  or  any  other  part  of  the  lower  neurone  sucli  as  the 
spinal  ganglion  cell  or  the  end-ph^te  in  the  muscle  ;    but 
that  there  is  some  toxic  condition  in  the  muscle  sul  stance 
itself  which  is  absorbed  and  passes  of!  with  time. 

Neuralgia.— An  apparatus  which  has  been  called  the 
"  Neuron  "  has  been  devised  for  the  treatment  of  neuralgia 
and  neuralgic  headache.  It  consists  of  an  alternating 
current  electro-magnet,  wliich  is  excited  either  by  the 
alternating  current  from  the  main.  or.  if  the  main  supply 
is  direct  current,  by  means  of  a  smusoidai  cum-nt  from  a 
motor  transformer  driven  from  the  main.     This  instrument 


■■^V    Ati•'i,^ 


308 


ELKCTRICAL   TRKATMKNT 


IS' 


<    1 


i  J 


ft  f 


m 


cprtainlv  luis  ii  puwcrfiil  iiiii^iictic  »'ffcct  ujxm  iron  and 
steel,  and  if  ii  l)unrh  of  keys  is  held  closi  to  the  j)ole  some 
of  the  keyf  will  Ite  powerfully  attracted,  and  f)therK  repelled. 
If  the  forehead  is  held  ajjainst  the  pole  a  curious  seiisati(.n 
is  felt,  rather  un])leaaant  and  productive  of  headache, 
and  slight  flashes  of  light  may  he  noticed.  These  effects  are 
proluihly  produced  hy  means  of  altirnuting  currents  in- 
duced in  the  tissues  when  the  head  is  held  close  to  the  mag- 
netic field.  The  magnetic  field  of  an  electro-magnet  driven 
by  means  of  a  constant  current  is  not  ra])idly  varying, 
hut  steady,  and  therefore  no  currents  will  he  induced  in 
ji.  hody  at  rest  in  its  neighbourhood  ;  in  fact,  the  majority 
of  people  are  unable  to  perceive  any  sensation  on  contact 
or  close  to  the  poles  of  even  very  ])owerful  T)C  electro- 
magnets. 

Electro-magnetism.  —Although,  as  seen  in  the  last 
paragraph,  electro-magnets  are  of  no  service  for  thera- 
peutic purposes,  yet  a  powerful  direct -current  electro-magnet 
has  been  found  of  groat  service  in  ophthalmic  surgery.  Such 
magnets  have  been  devised  by  Hir8chl>erg.  Schloesser.  and 
Haab,  varying  in  strength  from  a  carrying  power  of  one 
or  two  pounds  up  to  over  .']()<>  lb.  in  weight.  It  is  doubt- 
ful whether  the  extra  large  magnets  are  more  useful  than 
the  medium-sized  ones  for  extracting  stoel  ])article8  from 
within  the  eye. 

Ozone— Ozone  is  a  condensed  form  of  oxygen,  the 
moleculi!  of  ozone  containing  three  oxygen  atoms  inst^'ad 
of  two,  and  it  has  a  high  oxidising  power.  It  has  a  some- 
what unpleasant  smell,  and  may  always  be  recognised  in 
the  neighbourhood  of  high  potential  electric  machines  when 
working,  such  as  large  static  machines  or  high  frequency 
machines,  the  brush  discharge  of  the  latter  especially 
giving  rise  to  its  producti(»n.  The  lightning  flash  also 
generates  ozone  in  its  passage  through  the  air  ;  l)ut  all 
these  electric  ageiu  iea  at  the  same  time  produce  oxides 
of  the  atmospheric  nitrogen,  chiefly  nitric  oxide  (NjO^), 
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which   is  subsequently   further  oxidised   into   nitric   acid. 
Th.-se  oxides  of  nitrogen  are  very  irritating  and  injurious 
to  the  respiratory  tract,  and  it  has  hern  shown  that  more 
than  a  very  small  percenfci;.     of  ozone  in  the  air  is  fatal  to 
small  animals.     Ozone  has,  however,  a  reputation  amongst 
the  public  for  revivifying  properties,  cliiefly  Ix'cause  it  is 
found  m  traces  in   sea  air,   due  to  the   electrical  effects 
j)roduced  by  evaporation.     The  so-called  smell  of  ozone  at 
certain  seaside  resorts  is  due  entirely  to  decaying  seaweed, 
fish,  and  sewage.     Machines  are  constantly  being  adver- 
tised for  the  production  of  ozone,  the  principle  of  construc- 
tion  being  to  drive  a  current  of  air  through  the  space 
between  two  glass  cylinders,  one  being  contiiined  with.n 
the  other.     The  inside  of  the  inner  cylinder  is  coated  with 
tinfoil,  which  is  connected  to  one  pole  of  a  strong  induction 
coil,  while  the  outer  cylinder  is  surrounded  with  a  number 
of  metallic  points  which  are  connected  to  the  other  pole 
of  the  induction   coil.      This  coil  may  be   excited  by  dry 
cells   like   an   ordinary   faradic   coil   with    an   interruptor 
or  It  may  be  driven  by  alternating  current  from  the  main' 
When  m  action  a  violet  glow  is  seen  in  the  space  between  the 
glass  cylinders,  and  air  driven  through  this  space  by  means 
of  a  hand  bellows,  electric  fan,  or  the  pressure  of  an  oxygen 
cylinder  will  issue  from  the  discharge  tube,  highly  charged 
with  ozone.     To  avoid  the  production  of  nitric  oxides  an 
oxygen  cylinder  should  be  used,    but   in   practice    this   is 
never  done. 


CHAPTER   XII 

ELECTRIC  LIGHT  BATHS  AND  X-RAYS 

Eleotrio  light  baths  arc  used  for  two  purposos  :  (I)  to 
promote  free  sweating  ;  (2)  for  the  uctinicr  effect  of  the 
light  on  the  skin  and  subcutaneous  tissues.  For  the  former 
purpose  incandescent  lamps  are  used,  and  for  the  latter 
the  arc  and  mercury  vapour  lamps.  The  difference  be- 
tween these  two  classes  of  lamj)s  is  that  the  heat  rays  or 
rays  at  the  red  end  of  the  spectrum,  which  are  useful  in 
raising  the  temperature  of  a  cabinet  bath  and  thus  of  pro- 
moting diaphoresis,  are  present  in  considerable  ({uantity 
in  the  spectrum  of  incandescent  lamps  ;  wliile  the  actinic 
rays  which  are  present  in  the  ultra-violet  end  of  the  sj^'c- 
trum  arc  very  scanty  in  the  light  of  incandescent  lamps. 
On  the  other  hand,  the  light  of  the  arc  lamp  is  rich  in  ultra- 
violet rays,  which  have  a  very  special  effect  upon  the 
skin  and  subcutaneou-j  tissues.  Sunlight  is  comparatively 
poor  in  ultra-violet  rays,  which  are  mainly  absorbed  by 
the  upper  layers  of  the  atmosphere  before  reaching  the 
earth. 

RADIANT   HEAT 

Radiant  heat  baths  have  been  especially  recommended 
for  subacute  and  chronic  rheumatic  affections,  infective 
and  other  forms  of  polyarthritis,  gout,  neuritis,  sciatica, 
some  forms  of  toxajmic  headache,  and  chronic  nephritis 
with  arterio-sclerosis.  They  are  contra-indicated  in  cases 
of  myocardial  weakness  or  aortic  valvular  disease  of  the 
heart.  Radiant  heat  baths  may  be  applied  in  the  forui  of 
cabinet  baths,  in  which  the  patient,  after  undresaiug,  sits 
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on  a  chair  covered  with  a  blanket  or  Turkish  towelling,  sur- 
rounded with  incaii  lescent  electric  lamps,  which  thus  niise 
the  temperature  to  irAf  F.  or  even  300"  F.  All  parts  of 
the  body  being  thus  exposed  to  the  radiant  heat,  except 
the  head,  which  projects  through  a  hole  in  the  top  of  the 
bath,  sweating  usually  commences  within  five  minutes,  and 
may  b<>  varied  in  amount  according  to  the  number  of  lamps 
turned  on  and  the  duration  of  the  bath.  Fift<»en  to  twenty 
minutes  usually  suffice.  After  the  bath,  the  patient  must 
be  carefully  rubbed  down  with  soft  towels,  and  allowed 
to  rest  and  cool  down  for  another  twenty  minutes  before 
dressing. 

Ordinary  incandescent  lamps  are  not  entirely  free  from 
ultra-violet  rays,  and  a  certain  amount  of  burning  of  the 
skin  may  l)e  produced  by  them.  The  large  incandescent 
lamps  made  by  the  Dowsing  Company  are  stated  by  them 
to  be  entirely  free  from  violet  and  ultra-violet  rays,  and  to 
be  especially  rich  in  heat  rays  from  the  red  and  yellow  end 
of  the  spectrum. 

Intense  radiant  heat  damages  the  eyes  in  course  of 
time,  drying  up  the  lens  and  causing  cataract.  Bottle 
finishers  are  thus  subject  to  cataract  starting  at  the  pos- 
terior pole  of  the  lens.  Their  work  necessitates  frequent 
exposure  of  their  eyes  to  the  intense  heat  and  glare  of  the 
glass  furnaces. 

FINSEN   LIGHT 

The  Finsen  light  was  first  applied  by  the  Danish  i'i 
ventor  of  the  treatment  to  cure  lupus,  by  means  of  focussing 
sunlight  through  water  lenses  pressed  on  the  skin  to  render 
it  anaemic  and  thus  allow  the  rays  to  penetrate.  Partly 
because  sunlight  is  less  rich  in  ultra-violet  rays  than  the 
electric  arc  lamp,  and  partly  because  of  its  inconstant 
supply,  large  electric  arc  lamps  were  devised  by  Finsen 
for  the  treatment,  the  light  being  focussed  on  the  part  requir- 
ing treatment  by  telescopes  through  quartz  lenses,  cooled 
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by  11  str.Min  of  cold  water.  Quartz  allows  almost  free 
passage  to  iiltra-violet  rays,  and  is  much  bctt^-r  tlian  glass. 
This  light  is,  therefore,  called  the  Finsen  light,  and  the 
arc  lamj>s  originally  used  were  of  great  power,  requiring  as 
much  as  8<)  amj)eres  of  current. 

Smaller  and  more  convenient  lamps  are  now  more  com- 
monly used,  sucli  as  the  Finsen-Reyn,  the  Lortet-CJenoud, 
Strebel,  and  their  modifications.  These  are  brought  close 
to  tlie  patient  and  can  Iw  used  for  only  one  person  at  a 
time,  whilt;  the  large  Finsen  arc  lights  are  sometimes  fitted 
with  four  t<'lescopes  for  the  simultaneous  treatment  of 
four  jjatients.  Of  the  small  lamps  the  Fins«'n-Reyn  is 
undoul»t<'dly  the  In'st.  This  retpiiros  altout  20  amperes. 
The  addition  of  -ron  to  the  carbon  or  the  substitution 
cf  iron  for  the  carbon  electrodes  has  been  shown  to 
largely  increase  the  projiortion  of  ultra-violet  rays 
in  the  light  given  off,  and  more  readily  produces  a 
superfici'!  reaction  of  the  skin,  but  it  is  less  efficient 
for  lu])us. 

The  light  treatment  has  been,  and  is  still,  extensively 
used  for  the  treatment  of  lupus.  Owing  to  the  concentra- 
tion of  light  required,  the  part  being  rendered  anaemic  by 
the  pressure  of  the  quartz  lens  on  the  skin,  and  the  length 
and  number  of  exposures  required,  the  Finsen  light  treat- 
ment for  lupus  has  been,  to  a  large  extent,  superseded 
by  X-rays  and  by  the  newer  vaccine  treatment  for  tuber- 
culosis devised  by  Sir  Almroth  Wright.  The  light  treat- 
ment is  undoubtedly  curative  of  lupus ;  but  the  great 
objection  to  its  use,  besides  the  length  of  time  required, 
is  the  difficulty  or  impossibility  of  making  the  light  pene- 
trat(!  sufficiently  deeply  into  the  tissues.  The  skin  and 
subcutaneous  tissues  are  rendered  as  anaemic  as  possible 
by  pressure,  because  the  light  is  entirely  arrested  and 
absorbed  by  blood  ;  but  even  with  this  precaution  the  pene- 
trative power  of  the  light  is  not  to  be  compared  with  that 
of  X-rays.     For  this  reason  the  Finsen  light  fails,  as  a  rule, 
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in  tho  treutmt'nt  of  epithelioma,  rodent  ulcer,  and  other 
forma  of  malignant  disease  of  the  8U})erfuial  strutturea,  and 
X-raya  are  far  preferable. 

Rodent  ulcer  has  been  already  referred  to  aa  In'ing 
treated  with  zinc  ions,  round  button-shaped  electrodes  of 
bare  zinc  Ijeing  used  with  the  positive  pole  and  a  constant 
current  of  5  to  10  ma. 

Chronic  skin  affections,  such  as  varicose  ulcers, 
gouty  eczema,  boils,  etc.,  have  been  shown  to  ])enefit  by 
the  light  treatment.  Certain  wave-lengths  of  the  ultra- 
violet rays  have  been  found  to  })e  bactericidal,  and  this 
may  be  partly  the  reason  for  the  imj)rovement.  Strong 
arc  lamps,  with  iron  or  carbon-iron  electrodes,  are  mounted 
on  a  portable  frame  which  can  be  rotated  in  any  direction 
and  can  be  brought  close  to  the  patient.  After  three 
minutes  or  more  the  skin  usually  shows  signs  of  a  reaction, 
the  i)art  becoming  reddened  and  slightly  swollen  and  pain- 
ful, so  that  th«^  lamp  must  be  removed  further  oil.  The 
more  chronic  skin  diseases,  such  as  an  old-stauding  re- 
fractory case  of  gouty  eczema,  will  show  no  reaction, 
perhaps,  for  the  first  half-dozen  applications  ;  but  once 
there  has  been  reaction,  the  light  can  be  borne  only  for 
a  short  time,  and  the  eczematous  patch  rapidly  begins 
to  heal  up. 

Lumbago,    chronic    muscular    rheumatism,   and 

sciatica  may  also  be  beneficially  treated  by  means  of  the 
arc  lamp  and  ultra-violet  rays,  in  conjunction  with  ihe 
incandescent  lamp  cabinet.  These  cabinet  baths  are  usu- 
ally made  with  a  door  specially  fixed  for  the  attachment  of 
a  small  arc  lamp,  or  the  rays  of  the  larger  and  stronger  arc 
lamps  can  be  applied  to  the  patient's  back  or  thighs  by 
opening  the  door  through  which  he  enters  the  cabinet.  For 
lumbago,  the  best  combination  is  the  incandescent  cabinet 
bath  in  conjunction  with  the  arc  lamp  applied  in  this 
manner,  followed  by  a  galvanic  hydro-electric  bath  and 
massage. 
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MERCUKY   VAI'Oril   LAMI* 

Thia  is  somotinvvs  known  uh  tlu*  Conper-Hcwitt  or  tho 
liiHtiiin  li^ht.  Ft  (lonHists  of  .i  loii^j  ^liiss  tulx'.  two  to  thn-*' 
ftu't  in  h'nj^th,  which  is  cxhiiustcd  of  air,  Imt  contains  two 
or  thrtM^  ounces  of  mercury  and  mercury  vapour.  I'latinum 
wires  fixed  in  carbon  Mocks  forni  the  t^'rminals  at  the  two 
ends  of  the  tul)es  by  means  of  which  the  current  is  led  to 
the  mercury.  They  are  driven  l>y  direct  current,  usually 
from  the  electric  li^ht  mains,  using  apj)ro|)riate  resistances. 
The  lamp  is  started  by  tiltiiifj  it  slightly  with  the  negative 
pole  below,  so  that  the  mercury  makes  momentary  contact 
between  the  two  jmles,  when  some  of  it  is  instantly  vapor- 
ised, tlu'  vapour  acting  as  a  conductor  for  the  current, 
whicli  causes  the  whole  length  of  the  tube  to  glow  witli 
an  intensely  bright  light,  sliglitly  greenisli-blue  in  colour. 
Tlu'  spectrum  of  this  light  is  remarkalile  in  containing  prac  - 
ticallv  no  red  rays  ;  but  it  is  ricli  in  green,  blue,  and  xiolet, 
as  well  as  ultra-violet  rays.  Owing  to  the  absence  of  red 
ravs  in  the  light,  objects  coloured  red  in  white  light  will 
appear  black  when  viewed  by  a  mercury  vapour  lamp,  and 
the  hands  and  faces  of  peojile  appear  a  bluisli  livid  luie, 
])eculiarly  corpse-like,  (rreen-coloured  ol)jects,  such  as 
palms  and  ferns,  will,  however,  appear  quite  natural  in  this 
light,  owing  to  its  richness  in  green  rays. 

Tn  order  to  overcome,  for  lighting  purposes,  the  objec- 
tionable absence  of  red  rays  in  the  light,  it  is  customary 
to  surround  a  mercury  vapour  lamp  with  a  ring  of  three  or 
four  ordinary  incandescent  lamps,  but  this  device  is  quite 
insufficient.  It  is,  of  course,  worse  than  useless  to  svr- 
round  the  lamp  with  a  red  shade,  as  that  would  only  result 
in  blocking  out  all  the  light,  a  red  shade  only  appearing 
red  in  ordinary  light  because  it  absorbs  all  the  other  coloured 
rays,  and  reflects  or  transmits  only  the  red  rays.  Owing  to 
this  objection,  the  light  has  not  come  into  general  use,  al- 
though it  is  extremely  cheap,  cheaper  than  incaudescent  gas. 


THK  rVloL  LAMP 
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In  plrtcos  surh  as  (lockyunls  and  railway  jetties,  and  for 
signalling  and  lighthouncrt,  it  may,  howovor,  prove  a  success, 
when  a  convenient  form  of  the  lump  has  been  worked  out. 
It  consumes  only  two-thirds  of  a  watt  in  energy  for  every 
candle  in  power,  U-ing  thus  nearly  six  times  more  elUcient 
than  ord'iary  incandescent  lamps,  an  ordinary  lii-candle 
lamp  req.iiring  (iO  watts  Thus,  with  electricity  costing 
•Id.  per  unit,  or  kilowatt  hour,  a  l(Ml-<andle-power  mercury 
vapour  lamp  could  he  lighted  for  two  and  a  half  hours  at 
a  cost  of  only  one  ])enny. 

Owing  to  the  richness  of  this  light  in  ultra-violet  rays,  it  is 
I)roving  of  service  for  therapeutic  purposes,  as  descriheil 
al>ove,  and  a  special  lamj),  the  Uviol  lamp,  has  been  devised 
with  this  object  in  view.  This  lamp,  made  of  a  special 
glass,  by  Dr.  Schott  in  Jena,  permits  of  the  passage 
of  ultra-violet  rays,  which  are  mostly  arrested  by  the 
ordinary  glass  lamps  ;  but  sj)ectacles  are  necessary  to  use 
with  it  on  account  of  the  irritating  effect  of  these  rays  on 
the  eyes.  Fhis  is  liable  to  pnnluce  intense  cojijunctivitis, 
such  as  may  be  caused  by  the  light  of  a  strong  arc  lamp, 
or  the  "snow-blindness"  aci^uired  by  climbing  in  high 
altitudes  over  snow  fields.  It  has  already  been  said  that 
a  large  proportion  of  the  ultra-violet  rays  of  sunlight  are 
arrested  in  the  upper  layers  of  the  atmos})here.  Since,  for 
ever}-  I,(J(K)  feet  of  altitude,  the  barometrical  pressure  falls 
about  an  inch,  and  the  air  becomes  i)rop('rtionately  more 
rariiied,  the  sunlight  is  much  lalier  in  ultra-violet 
rays  on  high  snowfields,  which  at  the  same  time  reflect 
the  light  into  the  eyes  so  intensely.  Goggles  for  the 
protection  of  the  eyes  from  conjunctivitis  due  to  exposure 
to  snow,  arc  lamps,  or  mercury  vapour  lamps,  should 
therefore  be  made  of  the  reddish-yellow  non-actinic  glass, 
instead  of  blue  or  smoked  glass,  as  it  is  the  rays  in  the 
blue  and  violet  end  of  the  spectrum  that  caune  the  irrita- 
tion and  chemical  oiiects. 

For    therapeutic    purposes,    three    Uviol     lamps     aie 
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inf)uritc<l  (Mi  u  atiiml,  with  rcflortor.  rheostat,  and  amp«*'re- 
mctcr.  Hettvr  even  than  th<'  Uvi«»l  ^hisH  for  allowing 
ultra- violet  rays  to  pasa  is  rjuartz.  an<l  now  quartz  lampn, 
water-cooli'd,  with  quartz  Iriises.  are  made  for  mercury 
vapour  lamps.  They  stand  great^'r  heat  than  the  gla»H 
lamps,  and  j^enerate  much  more  powerful  ultra-violet 
rays. 

The  Nernst  lamp  gives  an  intense  white  light,  due  to 
a  filament  of  yttria  and  zirconia  being  heated  by  the 
passage  of  the  current.  This  filament  is  not  a  conductor 
(»f  electricity  when  cold,  and  tht-refore  the  lamp  does  not 
light  up  at  once,  and  is  proviiled  with  a  heater,  auto- 
matic   cut-out,    and    resistance. 

The  flame  arc  gives  the  most  intense  form  of  light, 
next  to  the  Leydcn  jar  high  t^'nsion  s})ark.  It  is  a  great 
improv«'ment  on  the  old  form  of  o2)en  arc  light,  and  its 
efhcir'ncy  is  tlie  highest  of  all  electric  lamps,  l«Mng  only 
.28  watts  per  candle.  Instead  of  the  carbons  being  per- 
pendicular to  each  oth»'r,  they  are  inclined  towards  each 
other  at  an  angle  pointing  downwards,  and  the  arc  is  blown 
out  into  a  fhime  by  an  electro-magnet  below  a  reflector, 
an  arrangement  which  distributes  the  light  much  l)etter. 
The  yellow  flame  arc  is  rich  in  red  and  yellow  rays,  due  to 
the  carbons  being  impregnated  with  calcium  fluoride.  Rays 
from  these  lamps  penetrate  water  vapour  much  Ix'tter  than 
the  shorter  vibration  rays  from  the  ordinary  arc  lamp,  and 
are  therefore  much  better  in  foggy  weather ;  they  are, 
accordingly,  being  largely  u.sed  for  street  lighting,  as  in 
Oxford  Street.  Barium  salts  make  the  fkme  arc  wliite, 
while  a  pink  light  is  produced  by  impregnation  of  the 
carbons  with  strontium  salts,  as  in  the  arc  light  on  the  top 
of  "  The  Playhouse  "  in  Northumberland  Avenue. 

The  Moore  light  is  an  exceedingly  effective  light  for 
large  areas.  It  consists  of  a  long  glass  tube  about  1 J  inches 
in  diameter,  of  any  shape  and  length  up  to  200  feet,  partly- 
exhausted  of  air,  and  illuminated  by  the  passage  of  a  high 
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Vidta^r  alf.TimtiiiK  rurn'iit.  Th.'  lij^ht  soiiH-what  n's.iiil.|,..s 
tho  jjlow  insi(i<>  th«'  vacuum  I'lcctrmb's  *»f  a  hijih  fn'quoncv 
apparatus.  An  alt«'rnatiiij,' curn-nt  of  *»<>  ryrlos  and  Kioto 
L'tK)  volts  is  scut  through  th«'  primary  of  a  luKh  t^'Msioii 
transformer,  the  secondary  yi«'l(iin>;  altornatinj^  current  at  a 
pressure  of  several  thousand  volts.  This  is  c(»nne(  fed  to 
the  jjlass  vacuum  tube  l»y  graphite  cup  electrodes,  with  an 
additional  mereurycarlMm  automatic  valve  for  adniittinj; 
small  quantities  ftf  air  to  the  tube,  at  int<'rvals  of  about 
one  minute,  as  the  vacuum  is  rai.sed  by  the  passjijje  of  the 
current.  The  efliciency  of  the  light  is  1.7^  watts  per  candle, 
about  12  camlles  of  light  J>eing  olitained  from  *'ach  foot 
of  tulh".  Different-coloured  lights  may  be  obtai'.ed  from 
it ;  with  ordinary  air  admitted  by  the  valve,  the  tulw'  glows 
rose-j)ink,  as  in  th.*  installation  in  the  Savoy  Hotel  Strand 
courtyard.  If  the  air  is  pa.ssed  over  j)h«».sphorus,  the 
light  is  golden  yell(»w  ;  if  pure  nitrogen  only  is  admitted, 
the  light  is  yoHow  ;  with  pure  carbon  dioxide  the  light 
is  white. 

Appended  is  a  list  of  the  principal  sources  of  electric 
light,  arranged  in  the  order  of  their  efTiciency  in  watts 
per  candle-power : — 


Flame  arc  . 

Mercury  vajjour  lamp 

Open  arc    . 

Osram  lamp 

Nernst  lamp 

Tantalum  lamp  . 

Moore  light 

Carbon  incandescent  lamp 


.L'S  watt«  per  candle. 

••■'  >)  1>  M 

1.25 

ii  „  „  „ 
1.7  ,.  „  „ 
I.7H      „        „       „ 


COLOURED    LIOHT 

Red  light  is  said  to  prevent  the  HU}>puration  of  small- 
I)ox  vesicles,  and  the  consequent  j)ermanent  scarring. 
This  is  ancient  knowledge,  for  the  Black  Prince  is  said  to 
have  been  treated  for  smallpox  by  red  curtains  being  drawn 
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nmiid  the  l>i'(|.  Tliis  ln-li'-f  is  f<>un<i<'i|  on  tnitli,  for  rvd 
nirtains  woiiM  <'Xrlu«l<'  tlu-  rays  from  tin-  lilu*-  vu<\  of  tlw 
Hpcctrum,  thiiH  sliiittinj;  o»it  the  ultra-violi't  actinic  raVH 
which  cH|»«'cially  affect  the  skin.     Cases  liavc  liccn  published 

of  improvement  of  cbronic   ulcer  anil  of  gangrenous 

stomatitis  liy  e\posiir<>  to  ret]  Wtihi  from  a  l*>-canille-power 
lamp,  with  a  re«l  jjlolie  ami  reflector.  This  is  prohahly  duo 
to  the  exclusion  of  the  l»lue  rays,  for  the  red  ^lasa  cannot 
add  any  red  rays  to  a  li^ht  which  did  not  pcssess  them 
before  ;     it    merelv   filters   off  the   other   coloured    rays. 

Blue  light.  Kxposnre  to  l>lue  li>.'ht  for  si'veral 
minutes  ha.<  heen  said  to  produce  a  curious  sedative  effect 
and  auH'Stlicsia.  so  that  minor  surgical  operations  may  he 
•lone  under  its  iidhuMice.  Pain  from  joint  effusions  or  in 
arthritis  is  said  to  have  lic'ii  relieved.  an<l  it  is  u.sual  to 
insert  a  deep  hlue  i»iass  wiixlow  into  the  siile  of  an  electric 
lij.'lit  caliinet  hatli  so  that  the  li^'ht  from  an  arc  lamp  nniy  he 
directed  thntuyh  it  u})on  the  joints  of  a  patient  heinn  troat4(l 
for  rheumatism  or  otln-r  forjns  r>f  artliritis.  Its  sedative 
effect  UMiiii  mental  slates  is  also  said  to  he  pronounctd, 
producuif;  calm,  followed  hy  sleep. 

HONTCiKN    lUYS 

An  enormous  amount  of  work  has  heen  done  in  connec- 
tion with  thes"  rays,  or  X-rays,  as  tlieir  discoverer  Kiintfien 
iiamcfl  them,  durinu  the  past  twelve  years.  It  was  the 
work  of  (Yookcs  on  the  ])henomena  of  electric  discharge  in 
tubes  highly  exhausted  of  air  that  led  to  Ritntgen's  dis- 
covery. If  such  a  tube,  having  platinum  terminals  sealed 
into  it8  ends,  be  exhausted  until  the  air  pressun^  is  only 
one  ten-thousandth  part  of  an  atmosphere,  it  is  found  that 
the  resistance  of  the  tube  to  the  j)assape  of  high-])resaure 
electrical  currents  of  .'lO.iHH)  to  liKMKK)  volts  or  more  is 
changing.  Before  exhaustion,  the  current  jumps  across 
the  air  space  between  the  terminals  in  a  series  of  intensely 
bright  sparks;  but  when  the  exhaustion  reaches  the  degree 
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montioiii'tj  iiltnvr.  it  is  found  thut  HparkH  htv  no  longi-r 
pi\««injz.  l>ut  that  tho  tiilH"  is  fill.««!  with  a  plow  nf  liyht. 
A  l)oam  of  lipht  JippiirH  to  issur  from  th»'  katho«l«'.  which 
in  «urroun«lo(l  with  n  «liirk  spar.',  while  u  Rtriut«'«l  «l(»u«l  of 
lipht  surnMUuls  th<'  uneMlc  or  positivo  [miNv  Whrn  th«>  »'X- 
hiiustion  of  the  tulH'  is  carric*!  still  further,  the  dark  Hpan- 
around  the  katho<le  extends  farther  along  the  tulie  untd 
at  last  it  strikes  the  plass  at  the  «»ther  end.  producing  a  Im-hu- 
tiful  phftsphorescenee  preen  if  the  tulie  is  made  of  soda 
glass,  hlue  if  the  glass  contains  lead. 

This  phosphorescence  of  the  glass  nt  the  anode  end  of  the 
tube  is  due  to  a  stream  of  rays  issuing  from  the   kathode, 
as  can  he  proved  by  shad«»ws  of  solid  ohjects  in  front  of 
the   kathode   heing  thrown   on    the   phosjdiorescent    gluss. 
These  rays  were  called  the  kathode  rays  liy  Lenard.  who  dis- 
covered in  IH'.tl  that  they  cf.nid  pass  out  of  the  tul.e  into 
the  out^r  air  through  an  aluminium  window  let  into  the 
glass  hull)  opposite  the  kathode.     They  consist  of  a  Iwam 
of  infinitely  tiny   negatively  electrified    Indies  called   cor- 
pus -les.  or  electrons.     The  smallest  chemi(  al  atom  known 
is  the  hydrogen  atom,  the  atomic  weight  of  hydrogen  heing 
taken  as  about  1  ;    but  the  hydrogen  atom  contains  l.CMlo 
electrons,  though  each  electron,  when  flying  free,  carries  a 
charge  of  negative  electricity  equal  to  the  electrical  charge 
carried   by  a   whole   hydrogen   atom.     I.rf'nard   discovered 
that  these  rays  of  electrons  penetrated  substancch  in  pn- 
portion   to   their  density,   thus  differing  from   light   rays, 
to   which   many   light  substances   (such  as  cork  and   alu- 
minium) are  opaque,  though  heavier  substances  (such  as 
water    and    glass)    are    translucent.     These    Lenard    rnys, 
consisting  of  a  beam  of  corpuscles,  can  be  deflected  by  a 
magnet  ;    and    by    this    means    calculations    have    shown 
that    these    tiny    bodies    reach    the    enormous    speed    of 
10.(K)0  to  lM),f)0()  miles  per  second,  or  about  half  the  speed 
of  light,   which   is   IHO.OOO   miles  per  second.     The  rays, 
when  they  strike  objects,  produce  X-rays,  which  arc  very 
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different  from  the  ray;  wliicli  jiivc  rist;  to  them.  X-rays 
cannot  be  deflected  l)y  a  magnet,  and  they  do  not  consist 
of  electrons  or  corj)iiH(l(S,  l»ut  are  probably  a  pecuhar  form 
of  pulsating  vibratifois  in  the  ether  set  up  by  the  impact 
of  the  l)eam  of  corpuscles  upon  the  object  which  they 
strike.  Thus  the  impact  of  the  kuthode  rays  or  l)eam 
of  corpuscles  issuing  from  the  kathode  in  the  Crookes 
tube.  l>y  striking  upon  the  glass  at  the  other  end  causes 
the  glass  to  phosphoresce,  and  produces  a  new  set  of  rays, 
the  X-rays,  ])os8essing  very  different  properties.  The 
X-rays  travel  with  the  same  velocity  as  light,  but  cannot 
be  polarised  like  ordinary  light ;  they  have  enormously 
greater  power  of  penetration  through  substances,  in  pro- 
portion to  their  density  or  atomic  weights  ;  and  they  can 
affect  photograj)hic  plates  through  many  inches  of  solid 
wood  or  aluminium,  thoi'Th  they  are  more  quickly  arrested 
by  the  denser  metals  such  as  lead,  gold,  and  platinum. 
Unlike  ordinary  light.  X-rays  are  invisible  to  the  eye,  and 
cannot  be  deflected  by  a  prism  or  lens. 

Various  forms  of  Crookes  tubes  have  Wen  designed  for  the 
production  of  X-rays,  but  the  essentials  of  all  are  the  same. 
The  mwlern  focus  tul)e  is  al)out  a  foot  long,  made  of  soda  glass 
or  with  a  soda  glass  window  to  allow  of  the  escape  of  the  X- 
rays,  which  are  stopped  by  lead  glass.  The  tul)e  is  blown  into 
a  bulb  in  the  middle,  which  contains  two  anodes,  one  made 
of  aluminium,  the  other  of  platinum.  One  of  the  anodes 
is  placed  directly  opposite  the  kathode,  and  is  therefore 
called  the  anti-kathode,  and  it  is  made  of  copper  coated 
with  platinum,  in  order  to  withstand  the  intense  discharge 
of  the  kathode  rays  upon  it.  Its  face  is  inclined  at  half 
a  right  angle  to  the  perpendicular  line  drawn  from  the  face 
of  the  kathode.  The  latter  pole  is  made  of  aluminium,  and 
itH  face  is  concave,  so  as  to  focus  the  discharge  of  kathode 
rays  which  it  gives  off.  If  platinum  were  used  for  the 
kathode  it  would  l^ecome  gradually  disintegrated,  the 
kathodal  rays  carrying  off  minute  particles  of  the  metal,  and 
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l)lackpning  th*'  tuho  ;    hut  this  does  not  occur  with  alu- 
minium to  anything  like  the  same  extent.     The  diatanee 
of  the  anti-kathode  is  so  arranged  that  the  kathode  rays  are 
almost  exactly   focussed   u])on   it-  not  quite   exactiv,   Ic- 
cius'}  in  thit  case  the  platinum  would  soon  he  melted  and 
the  tuhe  rendered  useless.     The  aluminium  anode  is  sealed 
into  the  hulh  a  little  to  one  side  of  the  anti-kathode,  and  it 
is  usual  to  connect  the  ano<le  and  anti-katlunlc  together 
outside  the  tuhe  hy  a  wire,  so  that  they  hoth  function  as 
anodes,  though  this  is  not  necessary,  the  main  function  of 
the  anti-katho<le  heing  to  serve  as  a  target  upon  which  the 
kathode  rays  are  focussed.     The  tulw  is  then  highly  ex- 
h  lusted  of  air,  the  pressure  l>eing  reduced  to  one-millionth 
of  an  atniosphere.     In  order  to  excite  this  X-ray  tuW,  a 
unidirectional  current  of    high  potential   must  Iw  driven 
through  it  in  order  to  overcome  its  resistance  and   force; 
through  it  a  steady  stream  of  kathmle  rays.    Such  a  high  po- 
tential current  of  .")(),(XK»  to  Ka),()(M)  volts,  which  is  neces- 
sary, may  he  ohtained  from  one  of  three  sources  :   (1)  a  10- 
or  12-inch    induction  coil,  worked  l)y  a  direct  current  at 
12  or  more  volts,  interrupted  40  or  more  times  per  second 
hy  gome  form  of  mechanical  or  electrolytical  interruptor ; 
(2)-  an  alternating  street  current,  transformed  hy  a  step-up 
transformer  to  a  high  voltage,  and  converted  into  a  uni- 
directional current  hy  means  of  a  mechanical  or  valve  tuhe 
rectifier  ;   (.'J)  a  large  static  machine. 

On  the  whole,  there  can  he  no  douht  that  the  hest  and 
most  elRcient  apparatus  for  producing  X-mys  is  a  gocd 
spark  coil  hy  a  reliahlc  maker,  giving  a  12-inch  spark, 
though  a  Kl-  or  even  20-inch  spark  coil  is  l)etter.  A  con- 
venient and  most  usual  way  to  drive  these  coils  is  to  use  a 
set  of  accumulators  capable  of  giving  about  ijQ  ampere 
hours  at  a  pressure  of  24  volts.  Large  induction  coils 
requiring  such  heavy  currents  need  a  special  form  of  in- 
terruptor to  break  the  current  supplied  to  the  primary 
windings,   as    a   spring    interruptor   of  the   type  usually 
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fitti'.l  to  the  small  Ruhmkorff  fumdic  coils  does  not  work 
smoothly  «'nou<jh,  and  tho  intoiisi^  v'  of  tho  spark  on  tho 
platinum  points  of  the  intorniptor  8(um  burns  thorn  away. 

Tho  two  most  usual  forms  of  intorrujitor  uhod  in  this 
country  aro  tho  Maokonzio  Davidson  and  tho  morrury  jot. 
Tho  Mackenzie  Davidson  oonsists  of  a  spindlo  sot  at  an 
ol.liciuo  anf?lo.  oarryin^  a  motal  fin  fixod  at  a  rifrht  angle 
to  its  lowor  oxtromity.  Tho  spindlo  passos  obliquely 
throu^'h  tho  top  of  a  box  oontaiiiinfr  moroury  and  roc-tifiod 
spirit,  and  is  rotatod  by  a  small  DC  motor  wound  for  12  or 
•Jl  volts,  so  that  tho  motal  tin  on  tho  ond  of  tho  spindlo  dips 
in  and  out  of  tli<'  mor(;ury  as  it  is  rovolvoiL  Tho  spirit 
lloating  above  tho  mercury  serves  to  extinjiuish  tho  spark 
and  to  incroaso  tlu-  suddonnoss  of  tho  broak.  This  is  a  very 
simple  and  ofU'-iont  form  of  intorniptor  for  low  voltages, 
and  costs  about  i\},  guineas. 

Tho  mercury  jet  interrupter  is  hotter  thaii  the  former, 
ospocially  for  voltages  of  KH)  to  240  ;  it  consists  of  a  centri- 
fugal pump  driven  by  a  DC  motor,  which  delivers  a  jet  of 
morcurv  uj)on  a  revolving  disc  carrying  alternat<'ly  copper 
dis/s  and  insulating  spaces  (»f  alcohol.  A  convenient  form 
of  s"lf-containod  motor  and  mercury  turbine  break  is  sold 
by  Messrs.  ( uviffe,  of  Paris,  under  the  name  of  "  interruptour 
autonomo."     It  is  suitable  f«ir  all  kinds  of  c«»ils. 

Both  the  Mackenzie  Davidson  and  the  mercury  jet  in- 
t'rrui)t  )rs  re-piiro  cleaning  out  at  intervals,  ac(  ording  to 
the  oxtont  to  which  they  aro  used,  as  tho  mercury  becomes 
vorv  dirty  and  churned  u]).  This  shoidd  bo  done  under  a  tap 
of  running  water.  With  both  tlu-so  forms  of  interrupter, 
it  is  necessary  to  have  a  condenser  fittod  to  the  coil. 

One  of  tho  best  and  most  convenient  intorruptors  is  the 
coal-gas  mercury  break  supplied  by  Messrs.  Watson,  of 
High  Holborn,  and  commonly  spoken  of  as  the  "  Cas- 
Ikeak  "  (Fig.  24).  This  instrument  is  the  invention  of 
M.  Boclere,  of  Paris,  and  has  not  long  l»een  on  sale,  but 
promises  to  supersede  all  other  forms,  as  it  is  small  and 
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portiible,  quiet  in  running,  dean,  und  (-(lUiilly  cflicicnt  witli 
all  voltiiges  of  curront.  It  is,  in  prin(i])lo.  a  ((tnil.ination 
of  a  niivgnotic  intcrruptor  witli  u  nuTcury  turhinc  jet,  of 
novel  (h'sign,  the  motor  and  turhine  Ix'ing  eoniliined  in  one 
piece,  with  no  pulh'v  to  get  out  of  (.rder.     Rather  It  ss  than 


Fig.  Jl.— bi'clcre  coal-jjas  niercury  bruuk. 

1  11).  of  mercury  is  re(|uired,  and  this  keeps  quite  dean, 
even  after  continual  running.  The  sjM-cial  point  of  the 
interruptor  is  that  no  si)irit  or  petn.leum  is  used  abov,.  the 
mercury  f(.r  the  extinctif)n  of  the  spark  ;  but  coal-gas  is 
used  to  fill  the  wliole  of  the  r(>servoir  A,  which  is  made"i.rac- 
tically  air-tight,  the  gas  being  continually  fed  to  tlie  in- 
terruptor from  a  gas-bag  or  through  rubb'er  piping  from  a 
gas-jet.  Very  little  gas  is  requind,  only  l-loth  of  a  cubic 
foot  in  several  hours,  as  the  gas  is  not  consumed  and  the 
leakage  is  very  slight.  Bt^fore  commencing  to  use  the 
apparatus,  the  reservoir  A  alwve  the  mercury  must  be  filled 
with  coal-gas  or  hydrogen.  This  is  done  'by  attaching  a 
rubber  tube  couuect«d  with  a  gas  supply  to  one  of  the  two 
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(•(((•ks  (',  and  niiiiiiiifi  the  pis  through  for  ahoiit  lt> 
s<'cotul«,  ill  ordtT  t<»  drive  out  all  the  air  tUroujzli  the 
other  cock,  wliich  is  l«'ft  ojieii  and  then  closed.  The 
nierciiry  is  tlius  not  churned  u])  as  in  the  spirit  and 
|)etroleuin  lireaks,  and  it  \vill  keep  dean  even  after 
months  of  riiniiiii}^. 

The  shaft  of  the  turKine  j<-t  is  proloii^'ed  ahove  the  to|) 
of  the  niet;il  resTVoir.  and  has  affixed  to  it  a  lutrizontal  jiair 
of  soft  iron  arms  B.  The  iiiterruptor  is  .so  mounted  on  the 
stand  of  the  c(»il  as  to  hriiifr  B  on  a  level  with  and  in  close 
appro.\im;ition  to,  hut  not  <|uite  touching  the  protruding 
metallic  core  K  of  the  primary  coil.  The  current  being 
switched  on,  the  milled  head  (I  t>f  the  turhine  jet  is  twirled 
round  hy  hand,  which  starts  the  jet  and  interrupts  the  cur- 
rent to  th<'  coil.  The  magnetic  core  of  the  primary  thus 
interniitteiitly  attracts  the  soft  iron  arms  H,  and  so  keeps 
up  the  rotary  motion  once  it  is  started  hy  hand.  The 
speed  of  the  iiiterruptor  can  be  varied  from  slow  U>  fast 
while  it  is  working,  by  moving  the  handle  D  through  a 
small  arc  of  a  cKcle,  which  alters  the  distance  at  which  the 
attractive  power  of  the  core  E  cea.^tes  to  be  exerted  upon  the 
soft  iron  arms  B. 

Mr.  Eeslie  Miller,  of  Hatton  (Jarden,  fits  a  mica  disc 
mire  aliove  the  Beilere  break,  in  order  to  suppress  the 
'•  closing  current "  in  the  secondary  circuit  to  the  focuB- 
tube.  It  consists  of  a  revolving  mica  disc  fi.xed  to  the 
l»reak  spindle,  which  is  interposed  in  a  gap  i)»  the  secondary 
circuit  so  that  at  the  moment  of  break  the  current  can 
]»ass  the  ga])  through  a  hole  in  the  mica  plate,  the  gap  being 
less  than  a  quarter  of  an  inch,  while  as  the  disc  continues 
to  revolve,  at  the  moment  of  "  make  "  the  mica  disc  is  inter- 
posed in  the  path  of  the  "closing  current,"  a  resistance 
about  etiual  to  that  of  a  4-inch  spark  gap.  This  arrange- 
ment has  the  advantage  of  the  ordinary  spark-gap  for  the 
suppression  of  the  closing  current  that  the  gap  in  the  path 
of    the    current   at    "break"    ia    very   short,    and    thus 
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offcra  loss  rosistiiiu'o  to  tho   nocossar}-  liroak  curront  in  the 
proper  working'  of  thr  tiili«'. 

rii«'    Wehnelt,  or   electrolytical  interrupter,    is 

an  cxtn'moly  «-fU(i('nt  oni-,    l.iit   it    niakcs  a  conHidcrahU' 
nois".      It  cannot  in  practice  1k'  used  with  accumulators,  na 
It  works  best  with  not  less  than  m  to  80  voltfi,  and  15  to  •_'(» 
ampcrcM.      It    consists    of     two    electrodes— a     i)latiiunn 
point    and  a  larfje  lead  l)lat<'— immersed  in   a  ylaas  vessel 
contiiniuK  !•>  ounces  of  strong  sulphuric  acid  diluted  with 
water  to  make  a  gallon  of  the  dilute  acid.      The  platinum 
point  is  connected  with  tlie  positive  pole,  and  the  leaden 
plate  with  the  negative  of  a  direct  current  main  supply, 
through  a  shunt  rheostat,  so  that  the  voltage  of  tlie  cur- 
rent supplied  to  th<'  interrujjtor  can  he  vari.-d  from  al»out 
'^0  to   loo.     These  interruptors  work  v<'ry  regularly  and 
smoothly,  if  they  are  ;.r.»vided  with  means  of  regulation  of 
(1)  the  surface  of  the  platinum  point,   (2)  the  number  of 
volts  used  in  the  primary  circuit,  (:})  the  d<gree  of  self- 
induction  in  the  primary  coil.     The  coil  should  have  no 
condenser   when    used    with    the   electrolytic    interruptor. 
With  a  long  platinum  pin  and  a  low  self-induct icm  in  the 
primary  coil,  long  and  intense  sparks  will  he  obtained  from 
the  secondary,  suitable  for  working  a  hard  tube  ;    while 
with  a  short  platinum  and   a  higli  self-induction   in  the 
primary,  the  output  will  be  low  and  suitable  for  use  with  .soft 
tubes.     One   advantage   of   the   electrolytical    interrui)torH 
is  that  they  require  no  cleaning  ;    but,  on  the  other  hai.d, 
they  make  a  considerable  noise,  and  it  is  best  to  keep  them 
in  another  room,  using  a  8uita])le  switchl)oard  apj)aratu8 
to  control  them. 

The  action  of  the  electrolytical  interruptor  is  as  follows  : 
The  platinum  anode  and  tjie  lead  kathode  of  the  cell  are 
connected  in  series  with  the  main  sujiply  and  the  primary 
windings  of  the  coil.  Owing  to  the  small  size  of  the  platinum 
anode  and  the  li.-avy  current  ].a.s>iiig,  tlie  density  of  current 
at  the  platinum  pin  is  vry  great,  so  that  the  platinum 
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in  soon  hontcfl  up  to  inrandosccnco  ;  thus,  in  addition  to 
th'-  lilMT.itioii  of  (».\v}»fii  l»y  clcctrolysirt  at  the  platinum 
anode,  tlic  ((ditact  of  tin'  incandescent  metal  with  the  li(juid 
f^enerates  a  mantle  of  steam  around  it.  thus  su(hlenly  hreak- 
inji  the  current.  At  tliis  moment  the  sudden  breaking  of 
the  current  in  the  primary  generates  a  powerful  extra 
current,  owing  to  its  s('lf-in<luction,  and  this  current  sparks 
across  the  steam  maiitic  to  the  jdatiniim  an( de.  the  exj)Iosi()n 
of  the  spark  and  tlu'  chill  of  tlie  surrounding  lifjuid  siid- 
deidy  dissipating  the  insulating  steam  mantle  around  the 
j»latinum.  and  allowing  the  li(|uid  to  regain  access  to  the 
metal  ))in.  thus  re-establishing  ct>ntact  and  the  flow  of 
the  current.  This  process  is  repeated  with  extreme  rapidity 
and  regularity,  if  tlie  voltage  and  amperage  of  the  current 
are  sudi'-ient.  The  cell,  v  '  >  working,  gives  out  a  peculiar 
shrill  note,  and  a  glow  of  coloured  light  is  seen  to  sur- 

round the  platinum  point.  With  continuous  working,  the 
temperature  of  the  li(piid  in  the  cell  is  slowly  raised  to  near 
lt(tiling  point.  wlu'U  the  apparatus  ceases  to  work  ])roperly  ; 
for  this  reason  large  cells,  lu.lding  a  gallon  of  dilute  sul- 
phuric acid,  are  used,  so  that  they  v-ill  work,  if  required, 
for  several  hours  lontinuously,  without  overheating.  If 
the  current  is  sent  in  the  wrong  direction  through  the  cell, 
the  platinum  being  then  connected  with  the  negative  pole, 
blue  instead  of  r()se-coh)ured  sparks  a])pear  at  the  point,  and 
the  ])latinum  soon  becomes  destroyed. 

The  alternating  current  main  supply  may  be  used  for 
the  production  of  X-rays,  in  three  different  ways.  (1)  It  may 
be  employed  to  charge  accumulators,  and  the  direct  current 
from  the  accumulators  used  to  drive  a  coil  in  the  ordinary 
way.  In  «)rder  to  charge  accumulatoiv,  the  alternating 
current  must  be  rendered  unidirectional  by  some  form  of 
apparatus.  This  may  be  done  in  several  methods  :  the 
main  current  may  be  used  to  drive  an  alternating  current 
motor  cou])led  to  a  l)t'  dynamo,  or  a  nu'chanical  current 
rectifier  with  a  vibrating  hammer  may  be  used  to  reverse  the 
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direction  of  every  alternate  wave,  thus  converting  the 
current  into  a  pulsating  unidirectional  current  ;  these  rec- 
tifiers may  have  an  efficiency  of  us  high  us  8(»  per  cent. 
Electrolytic  rectifiers  may  be  used,  such  us  the  CJnietz 
aluminium  cells,  four  of  which  in  series  will  convert  a  100- 
volt  alternating  current  into  a  pulsating  unidirectional  cur- 
rent of  al)out  80  volts,  and  this  current,  with  an  electrolytic 
Wehnelt  interruptor,  will  give  good  results  with  a  spark- 
coil. 

(2)  A  mercury  j(^t  interrujjtor  may  be  combined  with  a 
.synchronous  alternating  current  motor,  so  that  every 
alternate  phase  of  the  current  is  received  upon  the  insulating 
alcohol,  and  the  current  collected  by  the  copper  strips  is 
unidirectional.  Such  a  combined  motor  and  interruptor 
is  manufactured  by  Messrs.  Gaiffe,  and  described  by  them 
as  "  interrupteur  autonome  pour  courant  alternatif,  sys- 
teme  '  Blondel.'  "  It  consists  of  a  mercury  turbine  driven 
by  a  small  synchronous  alternating  motor  from  the  main  ; 
it  is  started  by  giving  it  a  twist  by  hand,  when  it  continues 
to  rotate  with  increasing  speed  until  its  speed  becomes  syn- 
chronous with  the  periodicity  of  the  driving  alternating 
current.  This  takes  al>out  thirty  seconds,  and  the  uni- 
directional interrupted  current  delivered  from  it  can  be 
used  directly  to  drive  the  coil,  or  it  can  be  used  to  charge 
accumulators.  An  efficiency  of  80  per  cent,  is  claimed 
for  it. 

(3)  The  third  way  of  using  the  alternating  current  to 
produce  X-rays  is  by  means  of  step-up  transformers,  raising 
the  voltage  of  the  current  to  GO,(MK)  volts.  With  this  ap. 
panitus  no  spark  coil  is  necessary  ;  but,  since  the  high  poten. 
tial  discharges  from  the  transformer  are  alt<?rnating,  it  is 
necessary  to  render  them  unidirectional  before  sending  the 
current  through  the  X-ray  tube.  This  is  effected  by  two 
Villard  valve  tubes  in  series,  which  block  the  current  in 
one  direction.  The  apparatus  gives  a  perfectly  steady 
light  upon  the  screen  ;  but  its  output  does  not  appear  to  be 
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m  good  lis  that  of  an  oflicifiit  roil  worked  by  tin*  <lirect 
(•urri'nt.  and  though  it  will  work  well  witli  a  hard  tulM"  and 
for  screen  work,  yet  it  is  not  recommended  for  photo- 
graphic work,  or  for  therapeutic  purposes  with  low  vacuum 
soft  tubes,  which  n'(|uire  a  heavy  current.  This  form  of 
appar.itvis  is,  moreover,  very  costly.  The  transformer 
cabinets  for  the  alternating  current  main  supply  are  the 
most  powerful  generators  of  high-frequency  currents 
known.  For  this  purpose  the  Villard  valve  tubes  are  taken 
out  of  the  circuit  and  the  current  sent  through  a  primary 
copper  coil,  or  an  Oudin's  resonator.  The  etfluve  from  this 
is  more  powerful  than  with  a  sjjark  coil. 

The  static  machine  as  a  soun  of  X-rays  is  scarcely 
to  be  recommended.  For  screen  work  with  a  hard  tube 
it  gives  excellent  results,  the  light  being  perfectly  steady  ; 
but  for  X-ray  photography  and  theraj)eutic  work  it  is 
much  too  weak,  the  exposures  necessary  being  from  five  to 
ten  times  as  long  as  with  a  good  coil.  The  current  from 
the  static  machine  is,  however,  perfectly  unidirectional, 
and  no  valve  tube  will  be  necessary  with  it,  and  the  focus 
tul)es  last  very  much  longer  than  with  a  coil,  as  they  are 
exposed  to  much  less  strain,  and  there  is  no  destructive 
action  of  any  closing  current.  The  voltage  of  the  current 
from  a  static  machine,  measured  by  the  length  of  its  spark, 
depends  on  the  di  imeter  of  the  plates  and  the  speed 
of  the  revolution  ;  whereas  the  volume  of  the  output  of 
current  depends  on  the  number  of  the  plates  and  their 
diameter.  With  glass  plates,  at  least  eight  will  l)e  re- 
(juired,  with  a  diameter  of  ."50  inches,  to  excite  a  focus 
tul)»  at  all  satisfactorily  (see  p.  :UV2). 

If,  therefore,  a  large  static  machine  is  required  for 
therapeutic  purposes,  it  may  also  be  very  conveniently 
made  use  of  for  the  production  of  X-rays  for  screen  work. 
The  output  of  current  from  even  a  large  «tatic  machine 
cannot  compare  with  that  of  a  goo«l  coil,  and  since  for 
short  exposures  in  X-r:iy  photograjihy  it  is  a  large  milli- 
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amporapo   of  current,   rather  than   hi^h    voltapc,   that   is 
required  through  the  tulx',  u  ^'(xkI  xpark  coil,  driven  off 
accumulators   or   tlie    main   direct    current,    with   a   good 
mercury   jet   or  electrolytical   interruptor.   will   prove    far 
more  satisfactory   for  general   X-ray  use.     No  spark  coil 
gives  a  pure  unidirectional  current  like  the  discharge  from 
a  static  machine,  and  there  is  always  a  certain  amount  of 
closing  current  which  is  developed  at  the  "  make  "  as  well 
as  the  larger  volume  of  current  developed  at  the  "  hreak." 
We  have  already  referred  to  this  current  at  make  in  tiie 
smaller  induction  coils  used  for  faradic  treatment.     This 
closing  current  interferes  with  the  clearness  of  the  defini- 
tion of  the  photographic  picture,  and  it  also  shortens  the  life 
of   the  tui)e  by  making  it  "  hard."   that  is  to  say,  making 
the   vacuum  still  higher  and   increasing  its   resistance  to 
the  passage  of  the  current,  l)y  causing  tlu>  occlusion  of  some 
of  the  residual  gas.     The   resistance  of  the   tuln;  to   the 
closing  current  may  he  less  than  that  offered  to  the  current 
in    the   right   direction  ;    the    amount  of    closing    current 
may  even  be  greater  than  the  break  current,  unless  a  vaK\' 
tube  is  used.     This  may  be  shown  by  tlu;  needle  of  the  gal- 
vanometer in  the  secondary  circuit  changing  its  direction 
after  the  insertion  of  a  valve  tube.     Thv  number  of  milli- 
amperes  of  current  in  the  secondary  circuit  through  the 
tube  may  be  measured  by  an  ordinary  D'Arhonval  galvano- 
meter, and  it  will  be  found  to  vary  from  .5  ma.  to  1  or  •_'  ma- 
As  large  a  current  as   10  ma.  lias  been  forced  through  a 
tube,  but  very  few  tubes  will  stand  such  a  heavy  current 
without  being  destroyed. 

The  closing  current  may  l>e  considerably  diminished, 
or  entirely  arrested,  by  the  use  of  a  valve  tube  in  series 
with  the  X-ray  tube  in  the  secondary  circuit.  Thise  valve 
tulH«s  are  of  different  forms,  but  their  principle  of  con- 
struction is  as  follows  :  a  vacuum  tube,  somewhat  smaller 
than  an  ordinary  focus  tube,  with  two  aluminium  electrodes 
scaled  into  the  two  ends,  one  being  large  and  spiral-shaped, 
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uiul  pliicod  in  tho  middle  of  the  l)uU> ;  the  other  snuill, 
with  ii  roiuave  fuce.  and  scaled  in  a  narrow  ])orti()n  of  the 
tiilte.  The  tuhe  should  also  he  furnished  witli  a  palladium 
wire  osmo-re^ulator  to  control  the  vacuum.  When  the 
liir^e  spiral  electrode  is  arranged  as  tlie  kathode,  the  current 
will  pass  easily  ;  hut  it  will  seurct^ly  pass  at  all  in  the 
reverse  direction.  These  tuhes  may  he  arranged  eitluT  in 
series  with  the  X-ray  tui)e,  so  as  to  prevent  the  impulses 
in  the  wronj?  direction  fntm  reaching  the  tube,  or  they 
n»ay  he  arrang<>d  in  shunt  with  the  X-ray  tuhe.  so  as  to 
carry  off  the  impulses  in  the  wrong  direction,  while  pre- 
venting the  ])roper  impulses  from  passing  through  the  valve 
tuhe  and  tlierelty  h»rcing  them  to  ]>ass  throng''  the  X-ruy 
tuhe.  When  arranged  in  series,  which  is  the  usual  way, 
the  valve  tul>e  should  he  insi'rted  hetween  the  kathode  of 
t)»e  focus  tuhe  and  the  negative  ]M»le  of  the  coil,  luiving  the 
large  spiral  electrode  attached  to  the  coil  side,  and  the  small 
ele<-tro<h'  in  the  narrow  end  of  the  tuln*  attached  to  the  wire 
leading  to  the  katltode  of  the  focus  tuhe.  The  focus  tuhe 
should  he  at  some  distam-e  from  the  vulve  tuln-,  and  also 
from  the  coil. 

Instead  of  a  valve  tuhe,  a  Spark  gap  may  l>e 
arranged  hetween  the  focus  tuhe  and  the  coil,  using 
a  hrass  point  as  the  positive  and  a  flat  circular  plate  as 
the  negative.  Sparks  will  easily  })ass  from  the  point  to 
the  ])late  wlien  the  point  is  the  anode,  hut  the  current  will 
he  unable  to  spark  across  tlie  gap  from  the  j)late  to  the 
])oint.  If  the  ])late  is  attached  to  the  negative  pole  of  the 
coil,  and  the  l)rass  point  to  the  wire  leading  to  the  kathode 
of  the  focus  tuhe.  the  current  will  spark  across  the  gap 
easily  from  point  to  plate,  while  it  is  running  in  the  right 
direction  through  the  focus  tuhe  ;  hut  the  closing  current 
will  1m»  unahle  to  spark  across  from  the  plate  to  the  point, 
anil  thus  the  tuhe  is  protected. 

It  is  io  he  reiiienilKTcd  that  tlie  EMF  of  the  chising 
current  increases  directly  with  the  voltage  and  inversely 
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with  tho  amount  of  8(>lf-iiuluction  used  in  the  primary 
windirinrt.  It  in  thon-for.*  In-st  to  keop  the  Hclfiiiduction 
hi«h.  Hiid  the  v..'^4Ke  in  the  primary  as  low  uh  jMi»«il»le. 
which  may  he  done  with  a  coil  provided  with  a  variahle 
Hf'lf-indiKtion  switch.  Another  device  to  prevent  the  pa»- 
sii^e  of  the  closing  current  irt  to  cover  the  anti-kathode 
of  the  focus  tulx-  with  a  porcelain  rinj? ;  this  arrangement 
is  fitted  in  Bauer's  and  (Jundelach's  tuJM'S. 

When  the  curnrit  is  running  smoothly  in  the  right 
«lirection  through  the  X-ray  tube,  the  tube  appears  to  Im« 
full  of  green  air,  with  a  Itrilliant  green  jdiosphorescence  on 
the  gliiss  Imlh  opposite  the  anti-kathcnle  if  the  tul»e  is 
made  of  8o<la  glass,  hluish  if  the  glass  contains  lead.  If 
there  is  much  closing  current,  the  Huorescence  is  patchy 
and  a  Iduish  haze  appears  around  the  ano<h'.  Since  the 
X-r,iys  are  generated  at  the  anti-kathode  by  the  impact 
u|K)n  it  of  the  kathode  rays,  they  are  project4'd  in  straight 
lines  from  the  surface  of  the  anti-kathode  in  all  directions 
within  an  arc  of  1H<)^.  passing  through  the  glass  wall  of  the 
tube  into  the  outer  air.  There  is  no  advantage  to  be 
gained  by  so  placing  the  focus  tuln?  that  the  plane  ul  the 
surface  of  the  anti-kathode  is  parallel  to  that  of  the  object 
to  Im'  examined.  If  the  vacuum  in  the  tuU>  is  not  sufll- 
ciently  high,  the  tube  is  said  U)  Iw  "  soft,"  and  the  green 
fluorescence  is  much  brighter  than  with  a  hard  tube.  Occa- 
sionally the  tube  becomes  too  hard  by  continuous  use,  or 
by  the  action  of  the  closing  current,  and  then  very  little 
current  passes,  with  much  less  green  ph(jsj)horescence. 
Such  a  tulKj  may  oft<Mi  Im  made  soft*'r,  that  is  to  say, 
some  of  the  occluded  gases  may  Ir'  released  witliin  the 
tul>e  by  warming  it  over  a  spirit  tiime,  or,  Ix^ttt'r,  by  baking 
it  in  an  oven  for  some  hours. 

M'iny  tubes  are  now  mjide  with  an  OSmO-regulator  or 
other  device  for  lowering  the  vacuum.  The  oamo-regulator 
of  Villard  consists  of  a  thin-walled  tubular  juilladium  wire, 
sealed  into  a  side  branch  of  th«'  X-ray  tuln!  or  valve  tulx*. 
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Tho  «tut<T  cikI  of  till'  lulailiir  win-  Ih  f»f  (-(turw  rlcKod  ;  and 
wli'ii  til'-  vuciiinn  riMiiiin-H  rfilnrin^;.  th<>  wire  is  lirat*^!  in 
tlir  flanir  of  a  spirit  lamp.  I'allatliiiin  has  tin-  projM'ity  <»f 
iM'cnniiiiy  p«>riiH>alil<>  t<f  hydrop-n  wlicii  lu-atcd  t«t  a  ri'd 
h«'at,  an<l  the  wire  nlisorlm  hydrojrfti  frnm  llu-  tlutuc  the  ^.m 
\tfiuil  tliuH  pass"d  oii  int«i  the  tulM'.  Such  a  ri'^ulator  should 
Im»  fixed  in  the  Villard  valve  t\il»«'.  which  l»y  constant  usp 
may  iM'comc  too  hard,  as  well  as  the  X-ray  tulx'  itself. 
.Vft^T  heatinj;  the  palladium  wire,  it  must  Iw  allowed  to 
get  (piiti"  cold  Ix'fore  tiie  current  is  again  passed  through 
the  tulM'. 

When  an  X-ray  tuhe  has  heon  working  continuously  for 
some  time,  or  especially  if  a  heavy  current  is  sent  tlirough 
it,  the  anti-kathode  is  likely  to  get  red  hot.  and  after  a 
(■••rtain  time  gases  are  relea.scd  from  the  hot  metal,  and  the 
vacuum  (tf  the  tulte  is  lowered,  and  the  tube  may  in  this 
way  hecfune  too  soft.  A  tuhe  that  has  liocome  too  soft 
may  have  the  vacuum  raised  l»y  switching  the  current 
through  it  for  a  short  time  in  the  wrong  direction.  Tiiis 
causes  a  disih;irge  of  minute  particles  of  platinum,  which 
absorbs  tlu*  g.is  -s  ;  but  it  is  not  a  proce«lure  to  be  recom- 
mentled,  as  it  soon  ruins  the  tube  by  blackening  it. 

It  is  advisable,  therefore,  always  to  use  a  J)'Arsonval 
milliatnperemcter  in  tlie  secondary  cin*uit,  as  well  as  the 
Villard  valve  tube  or  spark-gap,  and  to  liave  both  the 
X-ray  tube  and  the  valve  tube  fitted  with  an  (  smo-regulator. 
Thus,  care  in  not  sending  too  heavy  a  current  through  the 
tube,  at  first  not  more  than  A  ma.,  will  prevent  the  vacuum 
from  lieing  low«'red  owing  to  excessive  heating  of  the  anti- 
kathode  ;  while  long-continued  normal  working,  which 
slowly  raises  tlie  va<uum.  causing  the  tul)e  to  become 
"  hard,"  can  be  (piickly  adjusted  by  heating  the  projecting 
platinum  wire  of  the  osmo-regulator.  A  good  X-ray  tube 
may  thus,  with  care,  last  a  very  long  time.  Several  of  the 
more  exptjisive  focus  tubes  have  air  cooling  or  water- 
cooling  devices    for   preventing   overheating   of  the   anti- 


KciXTCiKN    UAY8:    FOCIJH   Tl  HKS 


:i:\:\ 


katlKHli'.  If  fliis  should  o«<iir,  an«l  chuhc  tlu*  tulu-  to 
iK'com*'  tiHi  soft  l»y  lilHTiition  of  miws.  it  will  Im-  U-st  to  juit 
it  away  for  several  weeks  or  iiHUiths.  and  often  the  tulw 
will  return  to  ita  iiornuil  degree  of  liardness,  the  ftmvA 
lieconiing  again  (tctludetl. 

In  course  of  tii>'e.  the  glass  cf  the  foriis  tnlH-  turns 
violet-coloured,  wh-  le  it  is  exjMtsed  t«»  tine  green  lluorescence 
of  the  Xniys. 

<Jood  f(uus  tultes  are  tliose  of  Muller,  hut  perhaps  the 
In-st  are  Chahaud's. 

Kecently  tantalum  focus  tulH's  have  heen  nuule  l.y 
Messrs.  Siemens,  having  a  coating  of  tantalum  instcinl  of 
platinum  on  the  anti-kathode.  This  is  the  same  metal  that 
is  usfd  f«»r  the  wire  filament  in  the  tantalum  incandescent 
lamp;.,  and  owing  t!)  its  higher  m-lting  jMtint,  it  resist**  the 
Itomitardment  of  the  kathodal  rays  Iw-tter  than  platinum. 
These  tulw's  cost  £■;  |.'>s.,  hut  stand  a  heavy  current  well, 
and  are  made  for  either  air  or  water  c(K»ling. 

The  focus  tuhe  must  he  attached  to  the  two  terminals 
of  the  seconchiry  coil  hy  wires,  or  some  form  of  metallic 
comluctor.  A  usual  and  efiicient,  hut  clumsy  way  is  to  use 
the  so-caUed  high-tension  wiring,  as  employed  for  niotor- 
cars,  copper  wire  covered  with  a  very  thick  layer  of  in- 
sulating material,  and  to  have  two  lengths  of  several  yards, 
80  that  the  wires  can  he  suspended  from  the  ceiling  to 
the  focus  tuhe,  which  can  thus  l>o  moved  nhout  easily 
within  a  certain  radius.  The  best  way  of  connecting,  the 
coil  to  the  focus  tuhe  is  to  use  two  metal  flat  wire  conductors, 
coiled  on  a  circular  spring,  and  fastened  to  the  U'rminals 
of  the  coil.  These  resemble  the  8])ring  metal-measuring 
tapes  commonly  sold,  and  the  tape  is  pulled  out  and  in- 
stantly fastened  to  the  terminal  on  the  tuk',  forming  an 
ideal  connection,  which  does  not  hang  in  festoons,  and 
thus  cause  short  circuits.  They  are  sold  by  Messrs.  Gaiife, 
of  Paris. 

X-rays,  being  produced  by  the  impact  of  the  corpuscles 
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<){  th«'  kiithfMlc  rays  on  any  hard  substance,  such  as  the 
])latinum  anti-kathodo  of  the  fo(U8  tuW,  do  not  consist, 
like  the  kathodo  rays,  of  matorial  particles,  and  cannot 
be  deflected  by  a  magnet,  but  probably  somewhat  resemble 
lij,'ht  waves.  Light  waves  are  continuous  transverse  vibra- 
tions in  the  ether,  the  wave  lengtlis  differinp  with  the  colour 
of  the  light,  being  longest  at  the  red  end  of  the  siM'ctrum 
and  shortest  at  the  violet  end.  X-rays  are  probal>ly  not 
continuous,  but  pulsatile  \ibrations  in  the  ether,  and  they 
hive  a  very  much  shorter  wave  length  than  light,  being 
about  -.'.(KK)  times  short4>r  than  the  wave  lengthof  green  light 
{see  p.  ."»(il),  Pro})ably  the  shorter  the  wave  length  the  more 
penetr.ititig  the  ray,  and  the  higher  the  8])eed  of  the  kathode 
ray  the  more  rapid  will  be  the  ethereal  oscillation  ])ro- 
du;-ed  by  it  at  the  anti-kathode  ;  that  is  to  say,  the  more 
penetrating  is  the  X-ray  produc<'d.  Hence  tfie  gamma 
rays  of  radium,  which  are  in  reality  X-rays,  as  wc 
shall    see    presently,    arc    the    most    penetrating   of    all 

rays. 

X-ravs  in  many  respects  resend»le  the  ultra-violet 
rays,  and  in  all  probability  they  In-long  to  the  same  onler 
of  ])henoniena.  They  ionise  the  air  througli  wliich  they 
pass,  and  so  they  will  discharge  an  electrified  body,  whether 
the  charge  u])on  it  is  positive  or  negative.  It  will  lie  remem- 
l)ered  that  the  katluxh'  rays,  or  licnard  rays,  consist  of 
lorpusclcs  negatively  charged,  thus  differing  electrically 
from  X-raya.  The  corpuscles  of  the  kathode  rays  are  nf)t 
set  free  from  the  metallic  surface  of  the  aluminium  kathode, 
as  it  has  been  shown  that  prolonged  working  of  an  X-ray 
tube  does  not  cause  any  loss  of  substance  of  the  katho<U'. 
Moreover,  if  the  corpuscles  c(»mprising  the  kathodai  rays 
were  derived  from  the  metal  kathode  the  vacuum  of  the 
tube  would  gradually  sink,  instead  of  the  tube  oecoming 
slowly  harder,  as  it  does.  No  doubt,  the  exhaustion  of 
the  tube  of  air,  when  carried  to  the  point  of  high  vacuum 
of  the   X-ray   tube,   sets   free  numbers  of  coq)U8cles  or 


RONTGEN  RAYS 


335 


electrons  from  the  gaseous  molecules  of  the    residual  air, 
whicl\,  having  a  negative  charge,  are  violently  repelled  from 
the   negative   pole   towards  the   anode.     The    greater  the 
degree  of  exhaustion  of  the  tuW,  the  easier  path  will  the 
electrons  have  for  their  flight,  and  the  more  violent  will  l)e 
their  impact  upon  the  anti-kathode  ;  that  is  to  say,  the 
harder  the  tube  the  more  penetrating  will  be  the  X-rays 
generated  at  the  anti-kathode  by  the  impact  of  the  kathcde 
rays.     At  the  same  time,  the  harder  the  tube  the  fewer 
gaseous  molecules  and  the  fewer  available  electrons  within 
the  tube  to  generate  the  kathode  rays  ;    and,  therefore, 
with  the  same  electromotive  force  of  the  current  travers- 
ing the  tube,  there  will  l)e  fewer  electrons  in  the  kathode 
rays  to  strike  the  anti-kathode  in  a  given  time,  and  the 
output  of  X-rays  will  be  less  in  quantity,  though,  as  we 
have  seen,  their  quality  will  be  more  penetrating.     If,  at 
the  same  time  as  the  tube  grows  harder,  the  voltage  of 
the  current  is  increased,  the  kathode  rays  will  Ije  increased, 
and  the  output  of  X-rays  may  bt      evented  from  diminish- 
ing.    Constant  use  of  a  tube,  unless  it  is  overheated,  gradu- 
ally hardens  the  tube  by  occluding  the  residual  gases  in  the 
glass  walls  ;    hence  the  number  of  electrons  available  for 
carrying  the  kathode  rays  will  be  too  few,  with  the  avail- 
able voltage,  to  produce  any  appreciable  effect   upon  the 
anti-kathode,  and  the  tube  is  said  to  be  too  hard  for  that 
particular  coil.     With  a  more  powerful  coil  the  tube  may  still 
give  very  good  results,  owing  to  the  higher  voltage  of  the 
current.     For  this  reason,  a  large  coil  of  l<)-inch  or  20  inch 
spark  is  preferable  to  a  smaller  one,  as  although  its  spark 
gap  can  be  adjusted  to  the  softest  tube?,  yet  tul)es  that 
would  be  too  hard  for  use  on  a  10-  or  12-inch  coil  may 
be  made  to  give  very  good  results.     More  iM)werful  coils 
still,  giving  sparks  longer  than  20  inches,  are  at  present 
unnecessary,  and  will  not  shorten  the  time  of  photographic 
exposures,  as  no  tubes  are  yet  made  which  will  stand  the 
full  power  of  coils  giving  thick  white  sparks  of  30  to  40  inches 
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ill   Ifiif^tli.      Further  improvements   are   necessiiry  in  the 
tubes,  not  in  the  coils. 

It  is  '-lear  from  whit  has  been  s lid  that  a  soft  tube  will 
provide  a  larj^'er  quantity  of  X-rays  than  a  hard  tube, 
thoufih  the  rays  will  have  less  penetratinfj  power.  For 
radiothera])eutic  purposes,  therefore,  and  for  jdiotograph- 
inj,'  the  less  dense  tissues,  sueh  as  a  hand  or  an  arm;  a  soft 
tube  will  be  ])referable  to  a  hard  tube.  In  radi(ttherapy  it 
has  b»'en  shown  that  only  the  rays  which  are  arrested  by 
the  tissues  have  any  action  upon  them,  and,  therefore, 
it  is  only  the  rays  of  low  penetrative  power  provided 
from  soft  tubes  that  produc<»  any  effect  upon  the  skin  or 
other  tissues.  Tlie  more  penetrating  rays  from  the  harder 
tubes  have  little  or  no  therajjeutic  effect.  Clearly,  there- 
fore, means  for  deciding  on  the  (btse  and  the  quality  of  the 
X-ravs  aiT(»rded  by  a  given  tube  and  coil  are  necessary  if 
anything  like  accuracy  is  to  be  obtained  in  our  rrsulta. 
These  means  are  supplied  by  the  following  devices  : — 

I.  A  finely  graduated  milliamp^remeter  in  the  second- 
ary circuit  to  measure  the  amount  of  current  passing 
through  the  tube.  This  will  not  give  a  reliable  reading 
unless  the  current  is  properly  rectified  by  a  Villard  valve 
tuV)c  or  a  spark  gap  in  the  circuit. 

•2.  A  radiochromometer,  such  as  that  invented  by 
Benoist ;  or  Belot's,  or  Wehnelt's  modification  of  Benoist's, 
called  a  crypto-radiometer,  to  demonstrate  the  penetrating 
capacity  of  the  X-rays  given  by  the  tube.  This  device 
depends  upon  the  fact  that  aluminium  is  very  much  more 
permeable  to  the  highly  penetrating  rays  from  hard  tubes 
than  it  is  to  the  rays  from  a  soft  tube,  while  silver  varies 
much  less  in  its  permeability.  The  instrument  consists 
of  a  thin  piece  of  silver,  which  can  \)C  compared  with  vary- 
ing thicknesses  of  aluminium.  With  a  medium  soft  tube, 
No.  5  of  the  aluminium  will  transmit  the  same  intensity 
of  light  as  the  silver  when  viewed  on  the  screen  ;  while 
with    A    very     hard    tube    the    thickest    piece    of    alu- 
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minium  (No.  12)  will  appi'iir  of  th«'  saiiu-  hiightiuss  us  the 
silver. 

.'5.  Sabouraud's  pastilles  of  plutino-cyanido  of  barium, 
or  Holzknccht'H  pastilUs,  which  by  a  change  in  colour 
indicate  the  dose  of  X-rays  applied.  The  colour  turns 
from  white  to  yellowish-brown,  if  shielded  from  the  day- 
light, and  the  colour*  is  th'>n  compared  with  a  st^indard 
tint. 

4.  Kienbock's    quantimeter  is  another  ai)paratuK 

for   determining   the   dose    of   X-rays   adnunistered,    and 
is  said  to  work  well. 

5.  The  spintermeter,  or  adjustable  spark-pap.  'I'his 
is  a  spark-gap  between  two  Srass  knobs  arranged  in  parallel 
with  the  tube.  The  current  is  turned  on,  and  the  knol  s  arc 
brought  together  until  a  stream  of  sparks  pusses,  and  the 
tube  goes  dark  owing  to  the  alternative  path  for  the  current 
l)eing  open.  Then  gradually  open  the  spark-gap  until 
sparks  just  cease  to  pass,  and  the  tube  glows  brightly  once 
more.  The  measured  distance  between  the  brass  knobs 
is  then  the  etjuivalent  spark  gap  for  that  particular  tul)e. 
This  method  is  much  more  empirical  than  the  galvano- 
meter in  the  secondary  (ircuit,  which  has  practically  sujMir- 
scded  it. 

r..  The  OSmO-regulator  of  Villard-a  device  already 
descrilwd,  by  whicli  a  projecting  tube  of  palladium  wire  is 
heated,  the  vacuum  in  the  tube  being  lowered  by  the  tube 
absorbing  hydrogen  from  the  flame.  By  using  the  osmo- 
regulator,  and  checking  it  with  the  radiocliromomet^^r  of 
Benoist,  the  iK'uetrating  quality  of  the  rays  and  the  hard- 
ness of  the  tube  can  Ije  kept  constant ;  while  the  milli- 
amperemeter  in  the  secondary  circuit  will  indicate  the 
rate  of  emission  of  the  X-rays,  and  the  pastilles  of  Sabouraud 
or  Holzknccht  will  indicate*  the  amount  of  the  dose  delivered. 
By  these  means  radiotherapy  has  emerged  from  the  empiric 
stage,  and  is  now  firmly  grounded  on  a  scientific  basis  ; 
so  that  it  is  possible  to  reproduce  given  conditions,  and 
w 


i 


li" 


338 


ELECTRICAL   TREATMENT 


If-i- 


apiin  produce  identical  results.  I'litil  those  iimtrumeiits  of 
precision  were  used,  for  the  first  few  years  of  the  medical 
rse  of  X-rays  the  nsults  o})tained  were  most  irregular, 
and  X-ray  dermatitis.  X-ray  Imrns.  and  ulcers  were  dis- 
tressingly common,  while  now  happily  they  are  extremely 
rare  and  capable  of  being  avoided. 

X-rays  have  the  property  of  causing  certain  substances 
to  fluoresce,  altliough  the  rays  are  invisible  to  the  eye. 
Platino-cyanide  of  l)arium  is  such  a  sulistance,  becoming 
slowly  turned  brownish  by  exposure  to  the  rays,  and  losing 
its  normal  yellow  colour  ;  when  exposed  to  the  daylight, 
the  normal  colour  more  or  less  returns.  FluoresCent 
screens  are  made  for  X-r.iy  work,  coated  with  this  sub- 
stance ;  the  screen  should  be  covered  with  a  sheet  of  lead 
glass  on  the  side  turned  away  from  the  tube,  for  the  double 
purpose  of  protecting  the  smooth  surface  of  the  screen 
from  being  scratched,  and  also  to  stop  the  further  passage 

of  the  X-rays  to  the  observer.    Intensifying  screens  of 

tungstate  of  calcium  are  also  sometimes  used  for  increasing 
the  effect  of  the  rays  on  a  })hotographic  j)late.  The  screen 
is  arranged  with  its  coated  surface  of  the  fluorescent  salt 
next  to  the  film  on  the  plate. 

Owing  to  the  penetrating  power  of  the  X-rays  through 
substances  in  proportion  to  their  density,  they  are  extremely 
useful  for  determining  the  condition  of  the  bones  and  their 
relation  to  the  soft  parts  ;  the  presence  in  the  tissues  of 
metal,  needles,  coins,  pieces  of  glass,  etc.  ;  and  for  accurate 
definition  i'  is  advisable  to  use  a  diaphragm  close  to  the 
tube,  so  as  to  allow  only  the  central  beam  of  rays  to  pass. 
For  the  proper  diagnosis  and  setting  of  fractures  and  dis- 
locations they  are  invaluable  ;  while  in  medical  practice 
they  are  often  of  great  service  in  demonstrating  aneurysm 
of  the  aorta,  consolidation  of  the  lung,  pleuritic  effusion, 
empyema,  pneumothorax,  mediastinal  tumour,  et<;.  Stone 
in  the  kidney  or  uret<»r  is  also  one  of  the  most  useful  demon- 
strations that  the  X-rays  are  capible  of ;    while  osteo- 
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arthritis  of  tlio  sjiino  or  larprr  joints,  or  HrqucKtni  in  tlu> 
hones,  may  Im-  well  shown  hy  means  of  suitahic  tulx'S.  For 
determininn  the  shape  and  size  of  organs  such  as  the 
heart-,  an  instrument  called  the  "  Orthodiagraph  "  was 
invented  hy  Dr.  Levy  Dorn.  The  central  beam  of  the 
rays  only  is  used,  and  the  apparatus  is  so  fixed  that  the 
tulM!  behind  the  patient  and  the  pencil  carrier  in  front 
move  together.  This  instrument  is  somewhat  cumbrous 
and  costly 

The  p<  trating  power  of  the  X-rays  generated  by  a 
particular  tube  depends  entirely  on  the  speed  of  impact  of 
the  kathode  rays  upon  the  target  of  the  anti-kathode. 
If  the  vacuum  in  the  tul)e  is  high,  then  the  corpuscles  or 
electrons  of  the  kathode  rays  find  less  ol)stacles  in  their 
path  ;  while  at  the  same  time  the  electrical  resistance  of 
the  tube  is  heightened,  and  it  requires  a  greater  EMF  of 
the  current  to  overcome  it.  The  higher  the  speed  of  the 
kathode  rays,  the  greater  will  l)c  the  penetrating  power  of 
the  X-rays  developed  by  their  impact  upon  the  anti- 
kathode,  and  therefore  the  more  powerful  the  induction 
coil  the  greater  will  Jkj  the  power  of  the  X-rays  it  prcduces 
to  penetrate  opaque  tissues.  Care  should  always  l)e  taken 
not  to  place  the  focus  tul«  near  the  induction  coil,  Iwcause 
the  magnetic  action  of  the  iron  core  would  deflect  the 
stream  of  kathode  rays  in  the  tube  away  from  the  anti- 
kathode,  and  80  prevent  it  from  focussing  the  X-rays. 

The  degree  of  vacuum  that  is  necessary  to  produce 
the  best  effect  with  the  X-rays  will  depend  ujx)n  the  par- 
ticular purpose  for  which  it  is  required.  A  tulie  that  is 
very  good  for  photography  or  for  therapeutic  purposes  is 
generally  much  softer  than  one  that  gives  a  p  d  picture 
upon  the  fluorescent  screen  ;  while  a  tuW  to  give  a  screen 
picture  of  an  abdomen,  shoulder,  or  hip  must  Ik*  much 
harder  than  one  that  is  onlv  required  to  give  a  screen  picture 
of  a  hand.  The  point  to  be  remembered  is  that  the  harder 
the  tube— that  is  to  say,  the  higher  the  volt-age  of  the  cur- 
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rent  iiiid  the  iiKin'  violent  the  imjmct  of  the  kitthoilc  nivs 
upon  the  iinti-katho<lc — tho  inoro  jx"  not  rat  in;;  arc  the  X-r.iys 
produced,  and  the  K'ss  differentiation  will  lie  shctwn  !»<■- 
tween  soft  tissues  and  tlie  liarder  tissues,  such  as  the  Itones. 
Kor  screen  work,  tlii-refore,  to  pxaniin*'  a  chest  it  will  l;e 
necessary  to  use  a  tuhe  of  sufTicient  liardness.  and  a  coil  of 
sufTicient  power,  to  f;ive  X-rays  of  enough  penetrating; 
j)ower  to  pass  throufih  the  lunjis  and  chost  walls,  and  show 
a  Itrifiht  lifjht  on  tlie  screen  through  normal  lunj;  tissue. 
Tf  a  tuhe  of  the  ri^lit  defjree  of  hardness  he  chosen,  usually 
a  medium  tuhe.  the  normal  lun^  will  appear  bright  ;  while 
the  rilts.  heart,  aorta,  and  liver  will  throw  dark  shadows, 
as  will  also  consolidated  lun<r,  aneurysm,  or  ])leuritic  effu- 
sion, especially  an  empyema.  Tf  too  hard  a  tulse  he  chosen, 
the  peiietratinj;  power  of  the  X-rays  will  he  so  fireat  that 
the  denser  structures,  as  the  rihs  and  heart,  will  tlirow  only 
faint  shadows,  so  that  it  will  he  difficult  to  differentiate 
them  from  the  hrifjht.  normal  \»u\i. 

Kor  photo^niphy.  on  the  other  hand,  a  softer  tuhe  is 
better,  because  the  X-rays  fjenerated  by  it  differentiate 
more  between  soft  and  dense  tissues  ;  and  although  the 
])icture  would  not  be  brilliant  enoujih  to  show  up  on  a 
s'-reen,  yet  beautiful  negatives  may  l)e  <d)tained  with  such 
a  tube,  because  the  continued  action  of  the  rays  on  the 
sensitive  plate  is  cumulative,  thougli  the  effect  upon  the 
retina  only  corresjMtnds  to  the  degree  of  stimulation  at 
the  moment.  Finer  shades  of  difference  may  often  thus 
be  brought  out  by  an  X-ray  negative  than  can  be  seen  upon 
the  screen,  sucli  as  the  shadow  of  a  renal  calculus,  or  a 
atone  in  the  ureter,  a  sequestrum  in  bone,  etc.  Moving 
parts,  such  as  tlie  lungs,  diaphragm,  heart,  and  aorta,  how- 
ever, often  show  better  upon  the  screen,  unless  special 
pre<'autions  are  taken  to  get  the  patient  to  hold  the  breath 
thiring  tlie  whole  period  of  the  exposure  f)f  the  negative  to 
the  rays.  This  may  be  done  by  fixing  the  negative  in 
position,  making  the  patient  take  two  or  three  deep  breaths 
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and  then  hold  the  brcalh  at  a  given  signal,  turning  on  the 
current  at  the  same  moment  for  almut  twenty  seeonds,  then 
switthing  off  the  current  and  allowing  the  patient  to  take 
a  few  more  breaths  ;  then  he  holds  the  breath  again  as  nearly 
as  possible  in  the  same  positifui  of  respiration  at  a  given 
signal  and  the  rays  are  turned  on  again  ;  and  so  on  until 
the  required  amount  of  exposure  of  the  negative  has  Iw^en 
given.  By  this  means  the  respiratory  action  ujwn  the 
displacement  of  organs  such  as  the  kidney  may  In-  almost 
eliminat<'d.  A  similar  result  may  be  obtained  by  an  elec- 
tric switch  actuated  by  the  respiratory  movements  at  full 
inspiration,  starting  the  coil  and  a  time  clock. 

Tubercular  consolidation  of  the  lung  does  not,  as  a 

rule,  show  up  well  on  the  screen  or  in  a  negative,  and,  in 
my  experience,  physical  signs  are  usually  well  marked 
before  any  pulmonary  consolidation  can  be  detected  by 
the  X-rays  in  cases  of  phthisis.  I  have,  however,  once  or 
twice  obtained  help  from  the  screen  in  diagnosis  of  pul- 
monary tubercle  before  the  appearance  of  any  physical 
signs  could  be  recognised.  Tubercular  cavities  usually 
show  up  well  as  dark  shadows,  with  sometimes  a  lighter 
centre,  while  a  pneumothorax  appears  brighter  than  the 
normal  lung. 

In  the  diagnosis  of  aneurysm  of  the  thoracic  aorta 

and  mediastinal  tumour,  the  X-rays  are  of  the  utmost 
use,  and  may  often  lead  to  a  positive  diagnosis  of  the  con- 
dition while  the  physical  signs  are  still  misleading  and 
equivocal.  The  screen  should  be  well  pressed  against  tlie 
patient's  chest,  as  the  picture  will  appear  bright<'r ;  and 
after  the  observer's  eyes  have  become  accustomed  to  the 
darkness  the  details  will  Ik;  much  more  distinct.  The 
pulsation  of  the  heart  and  aorta  will  be  visible,  while  an 
aneurysm  is  usually  obvious  on  account  of  its  large  size. 
Sometimes  it  will  be  better  seen  from  the  front,  sometimes 
from  l>ehind.  Owing  to  the  normal  curve  of  the  aorta  to  the 
left,  when  seen  on  the  screen  from  behind,  it  will  appear 
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to  ))uif?c  somowhat  to  thn  loft  at  its  uppermost  part — an 
appearanco  that  might  easily  he  mistaken  hy  a  tyro  for 
Hneiirysm.  Ohhque  ilhimination  of  the  chest  from  h'ft  to 
rifiht  should  always  Ik*  don*'  if  there  is  any  question  of 
aneurysm,  as  a  posterior  bulging  of  the  aorta  may  be  de- 
tected by  this  means  when  it  is  not  noticeable  from  in  front 
or  Ix'hind. 

The  movement  of  the  diaphragm  on  the  two  sides 
should  also  bi^  observed  ;  owing  to  the  opacity  of  the 
liver  there  will  be  deep  shadow  beneath  the  right  arch  <»f 
the  dia])hragm,  which  is  usually  about  an  inch  higher 
than  on  the  left  side.  Markedly  deficient  mf)vement  of  the 
dia|)hragm  on  either  side  will  be  suggestive  of  pulmonary 
tuberculosis. 

Pleuritic  effusions  will  l)c  noticeable  from  the  dark 
shadow   thrown   ])y  them,   especially  empyema. 

THEUAPErTlC  ACTION 

Owing  to  their  penetrative  power,  X-rays  are  more 
suitable  than  ordinary  light  rays  for  affecting  the  deei)er 
])arta  of  the  skin  and  tissues.  The  prolonged  action  of  the 
X-rays  upon  the  skin  leads  to  the  production  of  an  erythema- 
tous reaction,  and  if  the  process  is  carried  further  this  l)e- 
comes  a  dermatitis,  which  is  very  slow  to  heal.  Still  longer 
exposures  cause  the  appearance  of  sloughs  and  ulcers,  wliich 
are  most  resistant  to  treatment.  The  parts  should  be  pro- 
tected from  the  air,  and  lanoline  applied.  Even  carcinoma 
of  the  tissues  has  been  produced  l)y  the  long-continued 
action  of  the  rays  upon  an  operator.  Falling  out  of  the 
hair,  due  to  destruction  of  the  hair  follicles,  is  one  effect  of 
prolonged  X-ray  exposure,  which  is  taken  advantage  of  in 
the  treatment  of  ringworm  of  the  scalp  by  Sabouraud's 
method. 

Lupus,  rodent  ulcer,  and  epitheliomatt  of  the  skin  may 
be  successfully  treated  by  X-rays  ;  but  as  regards  malig- 
nant disease  it  is  far  better  to  combine  X-ray  treatment 
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with  surgical  troatment.  If  tho  prowth  is  capable  of 
removal,  it  should  ccrtiiinly  ho  thoroughly  romovcd,  and 
X-ray  treatment  may  Ix*  applied  to  the  neighbourhood 
of  the  scar  afterwards.  If  the  growth  is  non-operable 
X-ray  treatment  may  delay  its  pr()gre8s.  and  appear  to 
arrest  or  cure  it  for  a  time  ;  but  ultimate  generalisation 
of  the  growth  is  likely  to  take  ])la(e  in  the  so-called  cures. 
The  pain  and  discharge  may,  however,  be  much  relieved  ; 
and  the  treatment  is  certainly  the  best  in  non-opi^rablc 
malignant  disease  of  the  breast,  or  for  widespread  recurrence 
in  the  scar  and  glands.  For  internal  cancer,  such  as  carci- 
noma of  the  uterus,  stomach,  liver,  etc.,  X-rays  do  not 
appear  to  l)e  of  any  real  service,  except  for  allaying  pain, 
though  a  case  of  cure  has  been  published  of  inoperable 
cancer  of  the  cervix  of  the  uterus,  by  applying  X-rays 
through  a  Ferguson's  speculum. 

Rinj^Onn  has  been  successfully  treated  by  Sabouraud 
and  others  with  X-rays.  Sabouraud's  method  is  to  apply 
a  sufficient  dose  of  X-rays  in  a  single  sitting,  so  that  the 
liair  falls  out  after  a  few  days.  This  he  finds  to  be  the 
maximum  dose  that  the  skin  will  stand  without  a  severe 
dermatitis  being  set  up.  Focus  tubes,  fitted  with  metallic 
guard  shields  for  concentrating  the  X-rays  on  the  affected 
part  of  the  scalp,  are  used.  The  tube  is  enclosed  in  an 
ebonite-lined  iron  cover,  or  lead  glass  shield,  having  an  open- 
ing on  the  side  of  emergence  of  the  X-rays.  To  this  open- 
ing metallic  cylinders  or  localisers  of  different  diameters 
can  be  fitted,  of  such  a  length  that  the  patient's  head, 
when  placed  against  their  ends,  will  be  6  inches  distant 
from  the  anti-kathode. 

In  order  to  know  precisely  how  long  to  apply  the  X-rays 
a  test  indicator  must  be  used — viz.,  a  pastille  of  platino- 
cyanide  of  barium,  which  must  be  held  in  the  path  of  the 
X-rays,  at  a  distance  of  3  inches  from  the  anti-kathode. 
These  pastilles,  of  light  yellow  colour,  turn  brown  under 
the  action  of  the  X-rays,  and  when  they  become  the  same 
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colour  as  tho  standard  tint  Hupplied  with  tlw  hook  of  pas- 
tilh'S,  thi'  ari'u  of  Hcalp  has  had  a  suflicicnt  dose  of  tho 
X-rays.  Thi-  p.istillcs,  when  in  use,  must  Iw  prot<'(t4'«l  hy 
Wlack  papjT  from  the  action  of  onlinary  lijiht.  which  restores 
them  to  their  original  colour.  This  dose  of  X-rays  is  some- 
times referred  to  as  ">iv  (one  unit),  or  IH  cm  the  Holzknecht 
snale,  heing  one-fifth  of  the  maximum  amount  to  which 
the  skin  may  he  suhjected  without  producing  dermatitis. 
IJy  covering  the  area  that  has  been  treated  with  a  sheet  of 
lead  cut  to  fit  it,  the  wlu)le  affected  area  of  the  scalp  can 
he  treated  at  (me  sitting.  After  a  fortnight  the  hair  com- 
mences to  fall  out,  the  head  becoming  bald  in  a  month, 
care  being  taken  to  pull  out  all  the  diseased  hair.  The 
h(;ad  remains  bald  for  two  months,  when  a  fresh  downy 
growth  of  normal  hair  appears.  From  the  first  day  of  the 
treatment  the  scalp  should  bo  painted  with  a  weak  solu- 
tion of  tincture  of  iodine,  1  par'-  to  *.»  parts  of  spirit.  After 
the  first  fortnight,  daily  washings  of  the  head  with  soap, 
and  rubbing  to  get  rid  of  the  loosened  liair,  must  be  carried 
out. 

The  X-rays  do  not  kill  the  fungus  of  the  ringworm,  but 
cause  the  hair  to  fall  out— the  diseased  as  well  as  the  un- 
infected—the  daily  washings  and  rubbing  of  the  hair 
completing  the  depilation.  The  action  of  the  iodine  solu- 
tion is  to  prevent  the  infection  of  fresh  areas  of  hair  by  the 
spores.  This  method  of  treatment  recjuires  great  care 
and  practice,  but  is  very  efficient.  If  the  proper  dose  of 
X-rays  is  exceeded,  the  hair  will  either  grow  again  badly, 
and  crinkled,  or  it  may  not  return  at  all.  If  it  has  not 
returned  within  six  months,  it  will  not  grow  again, 

Favus  is  to  be  treated  with  X-rays  precisely  like  tinea 
tonsurans,  or  ringworm,  as  just  described.  As  with  ring- 
worm, the  action  of  the  rays  does  not  kill  the  fungus,  but 
produces  depilation,  and  tlvus  the  removal  of  the  infecting 
matter.  Unlike  ringworm,  favus  is  more  liable  to  involve 
the  whole  scalp. 
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Many  other  fomw  of  skin  (li8<«a»i»  havo  Won  tivatod  witli 
more  or  I«'H8  buocphs  hy  X-rays,  tho  more  Hiu-iossf  il  cajii'M 
iM'in^  ohhtinatc  (chronic  cases  of  ecxema.  Th"  «ii.s»'art«'tl 
pat<;h  of  Hkin  should  Im-  trcat^-d  with  a  soft  tuln'  ^ivinj; 
rays  of  alniut  4  on  Bcnriist's  radiothromonu't^T.  the  d(i8o  of 
rays  l)eing  'JH.  Thia  may  l)e  n'poatvd  every  week.  It  must 
l)e  rememlH>rwl  that  the  action  of  the  X-rays  is  cumuhitive. 
so  that  a  niiml>er  of  short  exposures  j^iven  daily  niav  even- 
tually set  up  severe  dermatitis  an<l  ulceration.  The  effect 
of  each  exposure  wears  off  in  ahout  three  weeks,  ^o  that  with 
exposures  given  with  that  interval  the  danger  ol  <_  umulative 
action  is  practically  nil. 

Alopecia  may  sometimes  l)e  cured  hy  X-rays  when 
the  s'jalp  is  covered  with  a  fine  downy  growth.  When  the 
scalp  has  become  complet<'ly  bald  and  \uo  skin  shiny,  the 
condition  is  quite  hopeless.  The  result  of  the  treatment 
is  to  cause  all  the  downy  growth  to  fall  off  after  ten  days 
or  a  fortnight,  as  in  ringworm,  the  scalp  l>ecoming  bald; 
but  in  the  successful  cases  this  is  succeeded  in  from  one 
to  two  months  by  a  fresh  crop  of  natural  hair. 

Gheloid,  a  curious  condition  of  hypertrophic  develop- 
ment in  scar  tissue,  has  many  times  l)een  successfully 
treated  by  X-rays,  the  scar  eventually  becoming  supple 
and  much  diminished  in  size. 

Mycosis  ftingoides,  an  otherwise  intractable  and  in- 
variably fatal  form  of  skin  disease,  associated  with  the 
development  of  nodular  lumps  in  the  skin,  has  several  times 
l)een  cured  by  patient  and  long-continu(  d  X-ray  treatment. 
Daily  treatment  is  given  with  soft  rays  of  4  or  5  degrees 
of  penetration  on  the  B^noist  scale,  the  dcses  being  us 
high  as  7  to  10  H.  The  plan  adopt<>d  is  to  limit  the  area 
of  application  of  the  rays  l)y  a  localiser,  and  to  attack  differ- 
ent areas  daily,  no  one  area  that  has  l)een  so  treated  being 
again  expoHwl  to  the  rays  until  jifter  twenty  tlaysi,  whf-n  it 
should  again  be  treated  as  before.  The  limit  of  the  skin 
reaction  aimed  at  should  be  a  slight  er}i;hema. 
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NavUS.— Kxt-»'iiMivo  vuHcular  najvi  of  the  Hkiii,  or 
port-wiiu'  niiirk.  may  iilno  Iw  ocraHionally  imuli  U'liffitcd 
l)y  this  trt'iitmcnt.  Tlw  <l«w  of  the  rayH.  with  a  soft  tul)»', 
must  Im'  pushtil  t(»  thf  sta^*-  of  stroii);  n'attion  ami  tlt'H- 
•  juamation,  7  to  1»  H  Immii^  n'(|uinMl.  Thf  tn-atmcnt  irt  a 
vi-ry  dflicati'  on«  uml  somewhat  dangerous  to  uw,  and 
should,  tht-n'fon',  be  n'Hcrved  for  extfUHivo  Hjm'ading  mevi 
wliich  have  already  faile«l  to  iK'iiefit  from  eh-ctrolvHiH. 

Ft  liaH  Ween  proved  over  and  over  again  that  X-rays  in 
mo«lerate  tloses  have  a  remarkabh;  anaigeHic  action  u}K>n 
the  tirtSUOH,  though  in  what  precise  way  this  is  efTe<;t<'d  is 
unknown.  This  has  been  shown  especially  iu  the  treat- 
ment of  inoperable  cancer  by  X-rays,  in  which,  although 
the  disease  is  scarcely,  if  ever,  cured,  yet  the  improvement 
of  the  patient  due  to  the  pain  l)eing  much  diminished  or 
entirely  arrest<'d  may  be  considerable.  This  analgesic  action 
of  the  X-rays  has  l)een  taken  advantage  of  in  the  treatment 
of  several  other  painful  conditions,  and  it  has  been  asserted 

that  hypersesthesia  of  the  skin  in  tabes  dorsalis.  inter- 
costal neuralgia,  post-herpetic  neuralgia,  and  even 
trigeminal  neuralgia  may  be  much  improved,  or  even 
cured.  For  the  latter,  hard  tubes,  giving  highly  penetrat- 
ing rays,  are  advised.  Similarly  pruritUS  may  be  treated 
by  X-rays  and  the  itching  of  the  skin  allayed  or  cured. 
In  this  affection  the  treatment  should  be  reserved  for 
severe  and  obstinate  cases  which  have  shown  no  improve- 
ment under  careful  regimen  or  treatment  by  high  fre- 
(juency  currents. 

Lymphoid  organs  were  shown  by  Heinecke  to  undergo 
special  modification,  with  destruction  of  lymphocytes, 
under  exposure  to  X-rays.  With  this  end  in  view, 
diseases  affecting  the  lymph  glands,  suchas.lympho-sarcoma, 
lymphadenoma,  and  leukaemia  have  been  frequently  treated 
bv  this  method.  Of  these,  leuksmia  seems  most  respon- 
sive to  the  treatment,  and  numerous  cases  of  improvement 
or  cure  have  been  reported,  both  of  the  myelogenic  and 
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lymphatic  varii'tiog.  Kjivh  of  mo<lomt«'  ponot  ration  muiit 
l»c  UHod  (NoK.  7  or  S  on  li«'noi«t'«  ncalo),  tho  tulx*  lining 
held  at  C}  inches  dirttiint  from  th«'  alKlonirn.  With  a  larn«« 
splfcn  it  is  n'conmuMxliMl  to  dividr  th«'  area  ovor  th«'  nploon 
into  four  parts,  and  to  troat  ono  part  oach  day.  ccivoring 
th«'  others  witli  lead  shoi'ting.  Vau]\  part  should  be  oxpo?»e<l 
to  the  rays  once  n  week,  care  Wing  taken  to  provoke  no 
dermatitis.  The  efTect  geems  to  lie  at  firnt  to  pro<luce  an 
augment.ition  of  the  numWr  of  leucocyt<>8,  but  after  two 
or  three  days  this  increase  is  followjil  by  a  diminution  in 
the  numbers  1m>Iow  the  original.  Any  glandular  enlarge- 
ments shouhl  be  e.\|M)sed  to  th««  rays,  and  also  the  long 
bones  of  the  limbs,  esiM'cially  tlu'ir  ends,  as  it  has  IwM'n 
shown  that  the  leucocytosis  (!ep<<nds  uj>on  an  e.xcessive 
proliferation  of  the  leucocyte-forming  matrix  in  the  medulla 
of  the  bones.  Owing  to  the  density  of  the  bones,  hard 
tuWs  must  l)e  employed  for  this  purpose,  in  order  to  provide 
raj's  sufficiently  penetrating  to  reach  the  interior  of  the 
bones. 

The  red  cells  apj)ear  to  undergo  no  alteration  from 
exposure  of  the  tissues  to  X-rays. 

It  has  been  shown  that  X-rays  have  a  peculiar  effect  upon 
the  testicle,  setting  up  a  condition  of  necrospermia,  and 
leading  ultimately  to  complete  azodspennia  or  gterility. 
For  this  reason  X-ray  operators  should  wear  protecting 
aprons  of  heavy  leather  or  rubber  impregnated  with 
lead.  Many  different  forms  of  protecting  apparatus  arc 
sold  for  the  use  of  X-ray  operators  :  lead-glass  spectacles 
to  protect  the  eyes,  rubber  gauntlets  and  aprons,  etc., 
too  numerous  to  specify  here.  Care  should,  however,  be 
taken  in  treatment  by  X-rays  or  in  X-ray  photography 
to  limit  the  field  of  action  of  the  rays  by  means  of 
localisers. 

An  X-ray  coach  is  an  cssenti.al  for  all  operators  who  dn 
much  X-ray  work.  These  are  fitted  with  a  carriage  under- 
neath for  the  tube,  which  may  be  enclosed  in  a  lead-glass 
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or  rultlxT  shield,  or  in  a  box  of  whito-lead  powder,  or  l)y 
Himilar  moans  arrannetl  to  localise  the  heam  of  X-rays 
directly  iipwanls  to  the  patient.  The  carriage  for  the  tube 
is  als'»  arran}ie<l  on  rails  so  that  it  can  lie  j)luce(l  underneath 
any  required  part  of  the  patient.  The  lamp,  too,  should  he 
moveable  sideways  for  a  distance  of  .'3  inches,  so  that 
two  photographs  may  be  taken  at  tliat  distance  apart  with- 
out moving  th"  patient,  in  order  to  produce  a  8tereosco])ic 
picture.  This  was  first  done  by  Mackenzie  Davidson,  and 
the  two  negatives,  after  being  develoj)ed.  are  mounted  in 
a  Wheatstone  stereos^-opic  frame,  the  coml)ined  picture 
giving  the  appearance  of  depth  which  is  altogether  lacking 
in  the  single  negative.  By  means  of  this  principle,  and 
iising  a  hx^aliser,  the  precise  position  of  foreign  bodies  may 
be  ascertained,  such  as  particles  of  steel  or  glass  in  the  eye 
or  orbit,  bullets  in  the  chest  or  limbs,  etc. 

St^'reoscopic  pictures  on  the  screen  may  also  be  arranged 
by  nieans  of  a  special  X-ray  tul»e  with  two  anti-kathodes, 
and  an  arrangement  by  means  of  which  the  <'urrent  is  rapidly 
changed  from  one  to  the  other  several  times  a  second,  thus 
alternately  emitting  the  l»eam  of  X-rays  from  two  points 
about  2  inches  apart.  The  same  mechanism  that  rhyth- 
mically regulates  the  direction  of  the  current  must  work 
a  pair  of  shutters  in  front  of  the  two  anti-kathodes  syn- 
chronously with  the  switching  of  the  current  to  the  anti- 
kathodes.  The  two  pictures  are  never  seen  on  the  screen 
together  at  the  same  moment ;  but.  owing  to  their  very 
rapid  alternation,  they  aj>pear  to  the  eye  to  become  fused, 
and  give  the  apiwarance  of  depth. 


llAnilM 

Soon  after  Riintgen  hap[)ened  on  the  X-rays  through 
his  e.\p«'riment.s  with  Crookes  tuln's,  Becipierel  started 
investigations  on  the  properties  of  uranium,  and  he  was  able 
to  demonstrate  that  uranium  and  its  salts  are  radio-active, 
and  emit  rays  which  are  capable  of  acting  on  photographic 
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platt's,  even  though  substiinces  such  us  wood  or  papiT  he 
int('rpo8?(l.  Ill  this  propi'rty  the  uni  'inm  ravK.  or  BooqiMTcl 
rays  as  they  were  nainrd,  rcsc  <•  X-rays.  BocqiuTcl 
patiently  investigated  these  urani  rays,  an<l  found  that 
by  the  action  of  a  strong  elect ro-.j^iignet  he  was  aMe  to 
split  up  the  rays  into  three  groups,  one  of  which,  like  X- 
rays,  is  not  acted  on  by  magnetism,  and  two  otlier  groups, 
one  of  which  is  attiact<Ml  by  the  north  pole  and  the  other 
by  the  south  pole  of  the  magnet.  This  fact  of  attracticm 
of  the  two  latter  groups  of  rays  by  different  poles  of  the 
magnet  proves  the  rays  to  consist  of  positively  and 
negatively  electrified  bodies.  These  three  groups  of 
uranium  rays,  or  Iiec(juerel  rays,  are  usually  called  the 
alpha,  beta,  and  gamma  rays.  The  alpha  rays  consist  of 
positively  electrified  particles,  which  have  been  proved  to 
l)e  about  twice  the  size  of  hydrogen  atoms  ;  while  the 
beta  rays  appear  to  be  identical  with  the  kathode  rays, 
and  consist  of  negatively  electrified  extremely  minute 
particles,  or  electrons  as  Sir  Oliver  Lodge  named  them. 
The  gamma  rays  are  identical  with  X-rays. 

This  discovery  by  Becquerel  of  the  radio-active  pro- 
perty of  uranium  stimulated  Madame  Curie  and  her  husband 
to  work  at  the  subject,  and  they  3elect<'d  for  their  labours 
the  rare  mineral,  pitchblende,  in  which  uranium  is  always 
found.  By  infinite  labour  and  patience  they  succeeded  in 
separating  out  a  substance  from  the  barium  in  the  pitch- 
blende, a  metallic  salt  which  in  the  form  of  chloride  or 
bromide  they  found  to  be  about  one  million  times  more 
radio-active  than  uranium.  This  substance  a])peared  to 
l»e  a  metallic  cloment,  and  it  was  named  l)y  them  radium, 
and  its  atomic  weight,  according  to  Madame  Curie's  latest 
determinations,  is  220. 2.  Two  other  radio-active  met«!s 
whi<h  they  also  separat^'d  out  in  very  minute  quantity, 
were  named  actinium  and  polonium.  Still  another 
radio-active  metallic  element  is  thorium.  This,  like  uranium 
and  radium,  has  a  very  high  atomic  weight,  uranium  being 
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the  liif,'lu'st,  »»f  ivll  (>l«>monts  with  •_'."»'.»,  thorium  next  with2.)2, 
followcil  l»y  riidium  with  22<>."J. 

Study  of  the  radium  compounds,  for  1h«'  nictidlic  »'I«'m<'nt 
its'df  his  never  yet  been  isohited.  has  shown  that  radium 
salts  emit  rays  precisely  like  the  Beequerel  rays  from 
uranium,  but  infinitely  more  powerful.  The  beta  rays 
from  radium  have  a  speed  much  greater  «'ven  than  that 
of  the  kathode  rays  of  a  C'rookes  tube,  reaching  the  enor- 
mous rate  of  |r)(t,(KK)  miles  per  second,  thus  a])proaching 
the  sj>«'<'d  of  lijzht.  These  beta  rays,  by  their  impact  upon 
the  radium  mass  as  they  are  ejected  from  the  molecule, 
give  rise  tt>  gamma  rays,  which  are  probably  identical  with 
X-ravs.  They  have  even  greater  powers  of  penetration 
through  dense  substances  than  the  X-rays  from  a  focus 
tube,  being  able  to  pass  throuuh  nwtre  than  twelve  inches 
of  solid  iron.  Radium  is  thus  constantly  giving  out  a 
steady  stream  of  positive  and  of  negatively  electrified 
])articles  in  tlie  alpha  and  beta  rays,  due  t<»  the  continual 
disruption,  or  detonation,  of  some  of  the  radium  atoms, 
and  the  radium  mass  must  tlierefore  be  slowly  diminish- 
ing in  (juantity.  Owing  to  tlie  c<uitinual  discharge  of  this 
intra-atomic  energy,  tlu'  radium  mass  maintains  itself  at  a 
tem])erature  of  I  '  to  2'  C  above  that  of  surrounding 
objects.  The  rate  of  diminution  is,  nevertheless,  compara- 
tively slow,  hundreds  of  years  being  required  before  the 
mass  is  ap]>reciably  diminished.  It  has  been  shown  that  the 
radium  gives  oi!  an  intensely  radio-active  substance,  which 
has  leen  called  the  radium  emanation,  and  wliich  in  turn 
breaks  down  further,  giving  rise  to  helium  ar.d  an  emana- 
tion X;  This  })roces8  need  not  be  traced  further  here,  nor 
the  mass  of  theory  regarding  the  ultimate  constitution  of 
matt«'r.  to  which  the  acticm  of  radium  sahs  has  given  rise 
Sufhce  it  to  say.  that  the  results  of  rect'nt  work  by  Ruther- 
ford. .1.  .1.  Thomson.  Soddy,  and  others  go  to  prove  that  the 
emission  of  -ays  by  radium  compounds  is  due  U>  the  1>reak- 
ing  down  of  some  of  the  radium  atoms,  and  the  consequent 


RADIUM 


361 


ejection  from  the  atom  of  some  of  the  constituent  eleetrons 
which  go  to  form  it.  From  this  point  of  view  all  matter 
and  all  the  so-called  elements  are  composed  of  atoms,  each 
of  which  is  built  up  of  different  numbers  of  electrons,  or 
negatively  electrified  particles,  surrounded  by  a  spherical 
shell  of  positive  electricity. 

Contact  with  radium  comp^mnds  has  been  found  to 
confer  the  property  of  radio-activity  upon  surroxmding 
objects,  lasting  several  days.  This  is  due  to  th<'  deposition 
upon  them  of  the  radium  emanation.  It  is  noteworthy 
that  the  radio-active  elements  are  those  which  have  the 
highest  atomic  weights  ;  that  is  to  say,  whose  atoms  con- 
tain the  greatest  number  of  electrons,  and  it  is  the  slow 
atomic  disintegration  of  radium  which  gives  rise  to  the 
emission  of  the  rays  described  above.  The  alpha  rays  con- 
sist of  positively  electrified  particles  about  twice  the  size 
of  hydrogen  atoms  ;  they  are  the  same  as  the  positively 
electrified  particles  given  off  from  glowing  metals,  and 
appear  to  be  identical  with  helium — an  inert  gas,  having 
the  low  atomic  weight  of  4,  first  discovered  by  Loi  kyer  in 
the  solar  spectrum,  and  since  isolat^'d  from  our  atmosphere. 
Thus  radium,  one  clement,  gives  rise  to  another  element, 
helium — a  process  amounting  to  a  transmutation  of  the 
elements,  such  as  the  alchemists  of  old  dreamed  of. 

Therapeutics. — Only  minute  quantities  of  radium  are 
obtainable,  and  though  experiments  have  l)een  made  on 
cancerous  growths,  the  therapeutic  eflects  appear  to  be 
due  merely  to  the  X-rays  given  off. 


Note. — Aotiiiidin,  like  nuliiim,  is  found  in  ci/iiHtjuit  i>m|iortion  in  all 
niinenilH  cont4tinin){  uniniuni,  iin<l  both  »re  iloiihtl«*N8  clisintot^ilii>ii 
|>ro<liict«  of  uruniiiin,  tlie  inimediute  'oriTunner  of  riuliuni  btun-c  calltvl 
ionium.  The  dLsiutefjnitinu  ])erio(l  of  uniniuni  in  more  than  a  thoiisaml 
million  yeai-s,  while  the  jifrioil  of  mdium  is  probiihly  alKiut  2,000  years. 
Polonium  hjia  been  shown  to  bo  a  disintoffration  product  >>f  rii<!ium,  with  a 
j»eriod  of  HO  iliij's,  and  it  is  idfut-cal  with  Haiiiuin  (i  Hrair«;  has 
recently  sufjf^ested  that  the  ^anmm  rays  of  nidiiiiu,  und  prolwil.! y  also 
the  X-rays,  are  not  pulsjitory  vibrations  in  the  ether,  but  rjiuseuiar 
in  character,  consisting  of  uncharged  i>article8  or  "ueu*.  .i  pairs,"' 
projected  at  a  high  velocity. 


CHAI'TEK    Xni 

STATIC  ELECTRICITY  AND  HIGH  FREQUENCY 
CURRENTS 

STATIC    KLECTIJICITY 

TnK  wonl  clfctricity  is  derived  fr<»in  tin*  (in-rk  word 
"  I'lcctroii,"  sij?iiifyitif^  ainlMT.  The  fact  has  Ix'cn  kimwn 
sine*'  iiMcit'Ht  times  that  ainlxT,  when  nililwd.  attracts 
lifllit  ImmUcs  ;  Itiit  it  was  Dr.  (iillM-rt,  of  ('<»i(lu'stfr,  who 
♦•xti'iult'd  this  observation  to  uuiiuTous  otlicr  liodics  huviji^ 
a  similar  function,  which  lie  therefore  named  "electrics." 
Dr.  William  (lilhcrt.  who  was  j)hysician  to  Queen  Eliziv- 
heth,  and  President  of  the  Royal  College  of  Physicians  in 
the  vear  lt)<M).  published  in  that  year,  only  three  years 
before  his  (h'ath.  his  famous  work,  "  De  Majjnete,"  *  which 
laid  the  foundations  of  the  future  science  of  electricity. 

The  form  of  electricity  produced  by  friction  of  ^lasa, 
sulphur,  or  ebonite  with  silk,  fur,  etc.,  is  now  known  us 
static  electricity.  The  two  substances  rubbed  tofjether 
become  «tp|)o8itely  electrified.  Thus,  u  glass  red  or  plate, 
rul»bed  with  a  dry  piece  of  siik,  beconu-s  positively  electri- 
fied, the  silk  ac(iuiring  a  negative  charge.  Similarly,  elec- 
triiied  bodies  repel  one  another,  wliile  a  positively  electrifn d 
body  is  attracted  l)y  one  negatively  electrilied.  This  prin- 
ciple explains  the  action  of  the  electroscope,  the  two  gold 
leaves  be<<)ming  similarly  electrified,  and  repelling  one 
another,  when  an  electrified  liody  is  brought  near  it. 

A  charge  of  static  electricity  is  always  at  a  much  higher 

•"  l)e  Mapncte  Majincticistjuc  Curporibus  et  de  Magno  Magnetc 
Ttlhiri'    Phy.siologia  Nova   " 
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voltiij^t*  tliaii  is  usual  with  fanulii^  i»r  tjalvaiiu'  curifiits, 
jind  the  cliaiiic  is  ((msfCjtH-iitly  quickly  dissipated  from 
])r(ij«'(tiii»i  jioiiits  (tr  roufili  surfaces  into  tlie  air.  The 
method  of  coiuluction  of  eloetrieity  at  the  hi^h  tension 
of  static  eh'ctricity  differs  somewliat  from  the  low-tension 
currents  of  ordinary  f,'alvanic  ])Htteries  or  of  dynamog. 
With  the  low-tension  currents  the  electricity  Hows  alon^ 
the  whole  of  the  cr4tss-st'ction  of  the  wire,  so  that  a  solid 
wire  will  conduct  more  pilvanic  current  than  a  hollow  wire 
of  the  same  size,  in  ])ro{)ortion  to  its  weij^ht.  When  the 
voltage  of  the  galvanic  current  or  the  alternating  current 
of  a  dynamo  is  raised  aliove  1,000  volts,  it  is  found  that 
the  curnnit  tends  to  How  more  on  the  surface  of  the  con- 
ductor than  in  its  centre,  the  so-called  "  skin  effect."  With 
the  high-tension  currents  of  static  electricity,  this  effect 
is  very  much  more  pronounced,  and  the  current  flows 
practically  only  on  the  surface  of  a  conductor.  Thus 
a  wooden  ball  coated  with  tinfoil  can  be  charged 
with  as  much  static  electricity  as  a  solid  metal  ball  of  the 
same  size.  Owing  to  the  high  tension  of  the  current,  the 
charge  flows  comparatively  easily  along  substances  such  as 
wood  or  leather  that  are  fairly  good  insulators  for  low- 
tension  currents  ;  and  it  is  exceedingly  difficult  properly  to 
insulate  bodies  highly  charged  with  static  electricity,  dry 
varnished  glass,  ebonite,  and  rubber  being  among  the  best 
insulating  materials. 

The  original  machines  for  manufacturing  static  or  fric- 
tional  electricity  produced  the  current  by  friction  of  sulphur 
balls,  glass  plat(>s,  or  cylinders  by  the  hand  or  by  silk  pads 
covered  with  mercury  amalgam.  Ramsden's  glass  plate 
machine  was  the  best  of  its  kind  for  more  than  a  hundred 
years. 

The  positive  electricity  produced  on  the  glass  plate  as  it 
revolved  was  collected  by  metal  points  attaclied  to  a  brass 
rod,  which  acted  as  prime  conductor.  The  Leyden  jar  was 
discovered  by  accident  in  174D.     It  was  Benjamin  Franklin, 
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ill  Aim'rica,  who  first  cxpliiiiu'd  ita  action,  and  it  was  ho 
also  wlio,  in  17")2,  invented  the  lifihtninf?  tondiutor,  and 
demonstrated  the  fact  that  the  lightning  flash  and  the 
spark  from  the  Leyden  jar  or  electrical  machine  wore 
identicil.  On  account  of  Franklin's  pioneer  work  on  stjitic 
electricity,  the  medical  treatment  by  this  form  of  current 
is  sometimes  known  as  "  franklinisation." 

Following  the  friction  macliines  came  apparatus  for 
producing  electrification  }»y  induction,  and  the  invention 
of  tlu'  electrophorUS  l)y  Volta  in  177').  This  apparatus 
cotisistH  of  a  cake  of  resin  fixed  on  a  metal  stand,  and  another 
metal  disc  of  similar  size,  fixed  to  a  glass  liandle.  To  use  it 
the  resin  is  ruhbed  with  silk,  producing  negative  electrifica- 
tion on  its  surface  ;  the  metal  disc  is  then  lowered  upon  it, 
touched  for  a  moment  with  the  finger,  and  then  lifted  by  the 
glass  handle.  The  metal  disc  is  now  found  to  be  positively 
electrified,  and  this  process  can  ])e  n-peated  indefinitely, 
until  the  negative  charge  on  the  surface  of  the  resin  has 
slowly  become  dissipated  in  the  air,  and  requires  renewing 
by  rubbing. 

Electrostatic  influence  machines,  or  COntmuOUS  clCC- 
trophori,  were  next  invented,  by  Holtz  in  1805,  by  Voss 
and  others,  and  later  by  Wimshurst  in  this  countrj'.  In 
France  and  England  the  Wimshurst  machine  is  almost  ex- 
clusively used,  and  the  Holtz  in  America.  The  latter 
machine  has  the  dis.idvantage  of  requiring  an  initial  charge 
to  be  given  it,  usually  })y  a  smaller  Voss  or  Wimshurst 
machine  ;  the  last  is  self-exciting,  if  the  plates  have 
metallic  sectors,  though  the  later  machines  without  sectors 
are  not  self-exciting,  and  require  to  be  touched  with  the 
finger  on  the  edge  of  the  ])late  as  it  is  revolving. 

The  Wimshurst  machine  consists  of  two  plates  or  mf)re, 
in  ])airs,  arranged  on  a  central  axle  so  that  each  pair  of 
plates  revolves  in  opposite  directions  (see  Fig.  9.  p.  -Jr)).  In 
a  machine  with  twelve  plates,  the  secr>nd  and  third  })late8 
will  be  fixed  on  the  same  axle  block  aii<l  rotate  together, 
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the  fourth  and  fifth  simihirly  cou|)1«h1  together  and  rotat- 
ing in  the  opposite  direction,  and  so  on,  the  outer  plates  at 
the  two  oppositt^  ends  rotating  in  the  same  direction  if 
there  is  an  oven  numlwr  of  pairs  of  plates,  and  in  reverse 
directions  if  the  number  of  pairs  is  odd.  Such  an  airange- 
mont  of  twelve  plat<'8  will  lie  driven  by  seven  bands,  the 
alternate  ones  being  crossed.  In  this  countr\'  the  plat<'8 
are  usually  made  of  glass,  the  plates  being  |  inch  apart, 
and  their  diameter  2 1  to  .X),  or  even  'JG  inches.  Each  pair 
of  plates  has  two  pairs  of  metallic  brushos.  whose  tips 
graze  the  surface  of  the  edges  of  the  plates.  Eacli  pair 
of  brushes  is  carried  on  a  curved  metal  rod  attiiched  to  a 
prolongation  of  the  fixed  axle.  They  should  l)e  so  placed 
that,  on  facing  the  plate,  the  curved  rod  occupies  the 
position  of  the  hands  of  a  clock  pointing  to  five  minutes  to 
five.  Curved  metal  collectors,  with  metallic  points,  sur- 
round each  pair  of  plates,  at  the  level  of  the  horizontal 
diameter  of  the  plates.  The  collector  rod  on  each  side  is 
common  for  all  the  pairs  of  plates. 

The  voltage  of  the  machine,  that  is  to  say,  the  length 
of  the  spark,  depends  on  the  diameter  of  the  plates  and 
the  speed  at  which  they  are  driven  ;  while  the  output  of 
the  machine,  that  is  to  say,  the  frequency  and  the  thick- 
ness and  brilliancy  of  the  sparks,  dept^nda  on  the  number  of 
plates  and  their  speed  of  revolution.  A  machine  has  been 
constructed  for  the  Science  and  Art  Department  at  South 
Kensington,  with  plates  7  feet  in  diameter,  which  is  su))- 
posed  to  give  sparks  o«)  inches  long,  but  no  Leyden  jars 
have  been  found  t«  withstand  the  enornious  electric  strain. 
A  large  machijie  with  eighty  plates  was  built  for  Sir  Archi- 
bald Campl>ell,  which  gives  an  enormous  output.  On 
account  of  the  impossibility  of  rotating  glass  plates  at  high 
speed,  owing  U)  their  liability  to  fracture,  elwnite  is  oft<'n 
used,  and  very  efficient  machines,  with  twelve  pairs  of 
ebonite  plates,  of  22  inches  diameter,  are  made.  These 
can  l»e  safely  rotated  at  the  high  speed  of  1,000  revolutions 
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}»»r  minute -twico  as  fast  as  with  ulass  platos  -  and  tlu-re- 
fciic  thr  sunu'  voltafjo  may  hv  obtained  with  smaller  phit^-s. 
A  duNt-proof  ease  is  usually  fitted  to  the  larger  gla88-plat<« 
ma'.hines  ;  but  it  does  not  api>ear  to  l)e  essential,  though  it 
certainly  saves  cleaning.  Owing  to  the  destructive  effect 
of  ozone  upon  ebonite,  it  is  better  not  to  enclose  machines 
with  ebonite  plates  in  cases. 

Macliines  for  pliysical  lalK)ratorie8  are  fitted  with 
Leyden  jars,  so  as  to  increase  the  power  of  the  spark,  tho\igh 
the  sparks  will  be  less  frecjuent.  If  the  machine  is  being 
used  to  produce  X-rays  for  jdiotographic  purposes,  the 
Leyden  jars  should  also  be  used,  though  they  should  be  dis- 
connected from  the  macliine  for  most  therapeutic  applica- 
tions. The  larger  machines,  which  are  the  only  ones  of  use 
for  treatment,  with  four  or  more  pairs  of  plates,  are  best 
driven  l)y  an  electric  motor,  of  i  to  .J  horse-power. 

In  Pidgeon's  influence  machine  there  are  nine  revolv- 
ing plates,  consisting  of  three  groups  of  three  plates  each. 
Tlic  three  central  plates  2,  5,  and  8  are  driven  by  the 
central  axle  in  one  direction,  whilst  the  outer  plates  1,  3,  4, 
0,  7,  9  are  carried  on  suitable  sleeves  and  driven  by  bands 
in  the  opposite  direction.  The  plates  are  made  of  volenitc, 
with  sunk  metallic  sectors,  but  a  full  description  of  the 
machine  is  unnecessary  here.  Like  the  Wimshurst  machine 
with  sectors,  it  is  self-exciting,  but  its  output  is  said  to  be 
about  four  times  as  great  as  that  of  the  older  form  of 
Wimshurst. 

A  large  Wimshurst  machine,  with  eight  plates  of  30 
inches  diameter,  when  working  well  will  give  sparks  of 
0  to  10  inches  in  length.  After  it  has  been  running  for 
a  few  seconds,  a  glow  of  violet  light  appears  upon  the 
collecting  brushes  and  points,  and  the  speed  of  rotation 
of  the  plates  becomes  sensibly  decreased,  owing  to  the 
great<>r  resistance  from  the  self-induction  of  the  madune. 
The  current  received  from  th(>  cuUecting  brushes  by  the 
fixed  conductors  is  led  to  two   brass  knobs  outside  the 
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cane  of  the  machine,  which  arc  separated  by  a  distiince  of 
alx)ut  12  iiuhea.  The  two  poles  of  the  machine  «hould 
have  adjustable  sliding  rods  attached  to  them,  enilinp  in 
brass  knobs,  while  midway  l)etween  the  jwles  is  fixed 
vertically  an  el)onite  rod  carrying  at  each  end  a  brass 
knob.  The  upp«*r  knob  is  attached  to  a  metal  chain  c(tn- 
nected  with  a  gas  or  wat<>r  ])ipe,  while  the  lower  knob  is 
connected  with  a  similar  chain  to  connect  it  to  the  patient's 
circuit.  The  sliding  rods  attached  to  the  discharging  poles 
can  l)c  adjusti'd  to  1k»  in  contact  with  either  the  upjH'r  or 
lower  knobs  of  the  vertical  rod  between  them,  so  that  either 
pole  may  be  quickly  connect4'd  with  the  patient  or  with 
"  earth." 

The  current  supplied  by  a  Wimshurst  machine  is  uni- 
directional, and  therefore  one  of  the  discharging  knobs  will 
be  positive,  and  the  other  negative.  In  order  to  distin- 
guish the  two  poles  for  the  purjwses  of  treatment,  the  fol- 
lowing method,  given  by  Lewis  Jones,  is  useful.  The 
machine  is  set  in  action,  with  neither  of  the  jxtlcs  con- 
nected to  earth.  A  pointed  electrode,  connected  by  a  light 
metal  chain  to  earth,  is  then  gradually  brought  near  one  of 
the  two  poles.  If  this  is  j^sitive,  a  star  of  light  will  apjK'ar 
upon  the  point,  even  at  a  distance  of  several  inches,  and 
this  star  of  light  will  remain  without  much  alteration  until 
the  jwint  is  brought  up  almost  into  contact  with  the  knob, 
when  small  sparks  pass.  If  approached  to  the  negative 
pole  in  the  same  way,  the  dischiirge  takes  the  form  of  a 
visible  brush  or  spark,  when  the  jwint  is  still  at  a  distance 
of  2  or  3  inches  from  the  knob. 

For  the  pur^wses  of  treatment,  a  strong  insulated 
stool  is  necessary,  and  four  or  five  different  electrodes. 
The  stool  should  be  stoutly  made,  and  should  be  fully 
,j  feet  long  by  2  feet  wide.  It  should  liave  a  raised  curved 
rim,  Uy  prevent  the  patient's  chair  slipping  off  th  edge, 
and  it  should  stand  on  four  stout  glass  legs,  lU  to  12  inches 
in  length,  and  varnished.     On  the  top  of  the  stof)!  should 
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Ik>  fixt'd  a  7.i;ic  or  hruM  platv,  ulM)ut  I'l  iiichi'H  aquaro, 
which  irt  conin'ctrd  Ity  u  light  mi'tul  n;d  with  oiu;  p<»le, 
iwually  thi'  |Mmitivo.  Th«^  ])ati«'nt  sitn  with  th<'  fct't  phiccd 
upon  tlic  mi'tal  jilutc.  and  is  thus  hrouj^ht  in  contact  with 
th«!  positive  ]>oh'. 

Thf  electrodes  that  aro  necessary  arc  four  in  nuniWr : 
(1)  a  niotal  ball  or  large  knob  on  h<»lder  ;  (2)  a  metal 
roller,  similarly  mounted  ;  ('5)  a  multiple  iM)int  electrode  ; 
an(l  (1)  a  metal  cap  with  multiple  points,  attached  to  a 
metal  arm  which  can  Ik*  swung  out  from  the  top  of  the  ciise 
of  the  machine  to  hang  over  the  j)atient's  head.  If  the 
machine  has  no  cas«>,  this  electrode  must  Ih"  mounted  on  a 
tall  stand,  and  connected  to  earth. 

METHODS  OF  TKEATMENT 

There  are  four  methods  of  treatment:  (1)  liy  sparks, 
(•_')  the  breeze  (»r  efHuve,  (.J)  fricticm,  (4)  static  charging. 

With  the  ball  or  knob  electrode,  Sparks  are  adminis- 
tered— a  severe  form  of  treatment  whii'h  must  \>c  used 
with  caution.  Not  more  than  one  spark  at  a  time  is  to  be 
given,  the  electrode  being  rapidly  approached  and  with- 
drawn l)eforc  there  is  time  for  a  second  spark  to  leap 
across.  The  result  of  the  spark  is  to  cause  a  sudden  spas- 
modic muscular  contraction  at  the  point  of  its  application, 
and  this  mode  of  treatment  ma\-  ])e  used  for  muscular 
stimulaticm. 

A  better  method  for  this  purpose  is  to  use  Morton's 
"  static  induction."  Leyden  jars  are  then  connected  to 
the  two  ])oles  of  the  machine,  and  their  outer  coatings 
are  attached  to  connecting  cords  and  ordinary  pad 
i'lectrodes,  which  are  applied  to  the  skin  and  muscles  in 
the  same  way  as  with  faradism.  To  control  the  intensity 
of  the  shocks,  the  sliding  knobs  attached  to  the  two  poles 
of  the  machine  may  be  adjusted  at  variable  distances  ;  the 
nearer  they  are  brought  togetluT  t]w  weaker  will  l)c  the 
shocks  from  the  outer  coatings  of  the  Leyden  jars.     This 
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mimo  inctluMl  of  luljurttnu'iit  of  th«*  Hli<Iii)K  kitolm  irt  urt«*<t  to 
gLiduiit«>  the  intcimity  of  the  sparks  applied  to  the  patient 
l»T  the  ball  eh'ctnKle,  or  iimtead,  the  oiHTator  may  weaken 
tkem  l»y  putting  his  foot  on  to  the  ntool,  go  as  to  cauHe 
H'^me  of  the  Htatie  charge  to  leak  away. 

Another  metluMl  of  applying?  the  Htatie  sparks  for  nm«- 
eukir  treatment  is  to  avoid  sparking:  the  skin  entirely,  ami 
to  allow  the  spark  to  jump  from  the  knob  electnnle  to  a 
smill  metal  electrode  held  over  the  motor  point  on  the  skin 
by  an  insulat<'d  glass  liandle.  In  this  way  the  skin  e8cap<>s 
the  powerful  stimulating  acti(m  of  the  spark,  which  often 
results  in  the  appearance  of  large  wheals,  resembling  urti- 
caria, when  strong  sparks  are  taken  from  a  small  area  of 
skin  for  several  seconds  together.  The  muR(;ular  contrac- 
tions resulting  from  the  stimulation  of  the  spark  can  1k> 
produced  in  cases  of  nerve  injury  and  degeneration,  even 
after  the  muscles  have  lost  their  reaction  to  faradisin.  In 
the  progress  of  the  reaction  of  deg«>neration,  the  reactions 
to  the  static  sparks  disappear  before  the  excitability  to  gal- 
vanism is  lost. 

The  sensory  stimulation  by  spark  treatment  is  powerful, 
and  may  Ym  of  considerable  use  in  hysterical  anaesthesia  and 
functional  paralysis. 

A  milder,  and  in  most  cases  better,  way  of  obtaining  the 
same  form  of  sensory  stimulation  is  to  use  friCtion.  This 
is  done  with  the  metal  roller  electrode,  which  is  rapidly 
rolled  outside  the  patient's  clothing,  over  the  limbs,  and 
espi'cially  along  the  spine.  The  thicker  the  clothing— and 
it  must  be  dry — the  stronger  are  the  sparks  which  shower 
through  on  to  the  skin  underneath,  so  that  the  additional 
thickness  of  a  blanket,  or  other  woollen  garment,  may  be 
added  wh^n  the  treatment  is  required  to  l>e  specially  stimu- 
lating. 

The  breeze  or  effluve  is  administered  by  a  single 
point  or,  better,  a  multiple-point  electrode,  which  is  con- 
nected to  earth  by  a  chain,  while  the  patient  sits  on  the 
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iiisiiliitrd  Htool  and  tlio  {o(>tpliit<>  connoct*"!!  to  tho  posi- 
tive ])ol('  of  tKo  machino  in  action.  Tho  point  electrode  ;s 
directed  towards  the  patient,  Iteinji  gradually  approached 
to  the  various  areas  that  require  treatment.  It  produces  a 
wind,  or  soullle.  which  is  felt  as  a  cool  hreeze  on  the  exposed 
]tarts,  or  ns  a  hot  ])ri(kin<;  upon  the  jiarts  covered  with 
clnthiiif:.  When  administered  in  this  way,  the  treatment 
is  called  the,  "  negative'  breeze."  because  the  j)atient  is 
])()sitively  charged.  The  point  electr«)de  can,  under  these 
circumstances,  be  a])proaclied  much  nearer  to  the  patient 
withfiut  a  s])ark  passing  than  when  the  footplate  is  attached 
to  the  negative,  pole  and  the  positive  pole  is  earthed.  The 
treatment  is  very  sedative,  if  given  properly,  and  is  a  use- 
ful means  (tf  treating  neurasthenic  headache,  and  neuralgia 
of  tlifferent  forms,  and  the  ])ains  of  neuritis.  This  form 
of  static  brush  discharge  is  said  to  be  very  efficacious  in  the 
treatment  of  chronic  indolent  xdccrs. 

Static  charging,  or  the  static  bath,  is  applied  by 
placing  the  jiatient  in  a  chair  on  the  insulated  stool,  connect- 
ing the  footplate  to  one  of  the  poles  of  the  machine,  and 
sotting  it  in  motion.  No  electrodes  are  used.  As  the 
machine  is  kept  running,  the  potential  of  the  patient  on  the 
stool  is  raised  to  that  of  the  prime  conductors  ;  he 
is  thus  placed  in  an  electrostatic  field,  and  the  charge, 
being  at  a  high  potential,  leaks  away  from  his  hair,  limbs, 
and  all  prominences,  to  the  surrounding  air  and  neighbour- 
ing olijects  in  contact  with  earth.  As  he  loses  his  charge, 
so  is  it  replaced  by  the  continued  working  of  the  machine  ; 
his  hair  stands  on  end,  his  skin  feels  pricking,  and  the  face 
coi)webby.  Usually  the  patient  is  charged  i)08itivoly,  the 
effects  being  more  sedative  of  pain  and  exhilarating  than 
when  charged  negatively. 

This  treatment  by  static  electricity  is  said  favourably  to 
influence  metabolism  and  respiratory  exchange.  The 
ji])p^'t!t'  improves,  sleep  returns,  and  depressi<!n  of  spirits 
tends  to  disappear.     An  effect  that  has  been  observed  is 
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niising  of  tho  blood-pressuro,  and  this  mothod  of  troatmont 
is  to  1)0  avoided  ill  artorio-sclorosisand  ronal  discaso,  and  the 
form  of  hoadacho  associated  witli  hifih  ])i()od  pressure.  Many 
subjects  perspire  profuselv  from  the  foreliead  and  hands 
during  the  treatm<>nt.  The  treatment  may  1)e  combined 
with  the  douche,  l)y  swinging  the  cap  with  metal  points 
over  the  patient's  head  at  a  distance  of  six  inches.  When 
this  is  done,  the  positive  charge  rushes  mainly  to  the  head 
and  leaves  the  scalp  by  the  hair,  which  stands  on  end,  as  the 
current  passes  off  in  the  etHuve  to  the  metal  cap,  which  by 
l)eing  earthed  is  connected  to  the  negative  pole.  This  is 
the  most  useful  form  of  static  treatment  for  various  forms 
of  headache — more  particularly  the  neurasthenic  aiid 
neuralgic.  Insomnia  especially  seems  to  be  relieved  by 
positive  charging. 

Treatment  by  sparks  or  friction  with  the  roller  will  be 
indicated  in  cases  of  hysterical  paraplegia  and  ana'sthesia, 
and  other  functional  paralyses,  and  it  is  sometimes  most 
useful  in  lumbago  and  other  forms  of  muscular  rheumatism. 
The  treatment  should  not,  as  a  rule,  be  given  strong  enough 
or  long  enough  to  produce  pain  ;  but  the  aim  should  be  to 
administer  a  strong  moral  stimulus  with  a  minimum  of 
painful  impression.  The  patient  should,  on  no  account,  be 
allowed  to  play  with  the  machine  or  to  remain  in  the  room 
when  it  is  being  used  for  any  other  purpose  than  his  treat- 
ment. This  is  important,  because  tlie  beneficial  effect  of 
the  treatment  in  this  class  of  case  is  obtained  by  producing 
an  effect  upon  the  mental  condition,  whereby  the  condition 
of  auto-hypnosis  or  semi-voluntary,  semi-invoiuntary  in- 
hibition of  the  motor  and  sensory  centres  by  the  highest 
centres  of  the  brain,  which  constitutes  hysteria,  is  relaxed. 
The  treatment  must,  therefore,  be  applied  always  with 
due  formality  and  impressiveness  in  cases  of  hysteria ;  for 
should  the  patient  by  undue  familiarity  acquire  a  dis- 
respect for  the  treatment,  it  will  be  teitain  to  have  little  or 
no  good  result. 
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It\  ii(Miti(in  to  til"  various  mctlical  applicatioiiH  of  static 
ch'ctririty,  tlu*  Wimsliurst  machine  may  ho  used  to  excite 
an  X-ray  tul)(>.  A  powerful  muhine  is  necessary,  having 
not  less  thin  four  ])airs  of  plates,  and  pood  pictures  on  the 
screen  may  be  olitained.  the  light  lieing  absolutely  steady. 
The  output  of  the  machine  (h)es  not  compare,  however,  with 
that  of  a  good  coil,  and  a  .galvanometer  in  the  secondary 
circuit  will  indicate  only  a  small  fracticm  of  a  milliampcre 
passing  through  the  tube.  Hence,  for  photography  or 
therapeutic  a])plications,  much  longer  exposures  are  re- 
quired. 

High-frequency  effects  also  may  ])e  obtained  from  a  gocd 
static  machine  by  using  Leyden  jars,  and  connecting  the 
outer  coats  through  a  stout  coil  of  co])per  wire. 

IIIGH-FHEQIEXCY  CrilRENTS 

To  two  men  especially  we  owe  the  development  of  the 
medical  applications  of  high  frequency  currents.  D'^lrson- 
val,  in  181)0,  hud  repeated  and  extended  Ward's  experi- 
ments, which  proved  that  with  rapidly  alternating  electric 
stimuli,  muscular  excitation  increases  until  the  speed  of 
the  alternations  reaches  about  .'},(XX)  per  second ;  as 
tho  speed  is  still  further  increased,  the  amount  of  muscular 
contraction  progressively  diminishes.  Tesla  in  the  early 
nineties,  experimenting  with  oscillatory  currents  at  high 
voltages,  produced  by  Hertz's  apparatus,  found  that  cur- 
rents powerful  enough  to  light  up  incandescent  lamps  pro- 
duced no  appreciable  effect  upon  the  human  body.  Treat- 
ment by  these  currents  is  often  called  D'Arsonvalisation. 

An  os-illatory  discharge,  or  high-frequency  current,  is 
pr.xlueed  by  the  discharge  from  the  coats  of  a  Leyden  jar. 
The  s:n  viler  the  capacity  of  such  a  condenser,  and  the  less 
th"  resistance  of  the  circuit  through  which  the  discharge 
t  ikes  place,  the  more  rapid  will  }»e  the  oscillations.  If  the 
(liKch^irging  circuit  has  a  high  re.si.stiince,  or  high  self- 
induction,  the  os'-illations  are  less  rapid,  or  the  discharge 
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becomoH  a  ((tiitinuous  one.  This  phciinnK'non  is  usually 
comparetl  to  the  sudden  or  slow  omptyirig  of  a  wat«>r  r<  scr- 
voir.  If  two  fjiass  vcssi^ls,  at  the  same  h-vcl,  arc  connccti'd 
below  l)y  a  wide  tube,  having  a  cross-section  largo  in  pro- 
portion to  that  of  the  glass  vessels,  then  if  one  of  the  vessels 
is  filled  with  water,  and  tiie  tap  Ite  turned,  allowing  the 
wat(>r  to  rush  from  one  to  the  other,  the  water  will  reach  its 
level  by  a  series  of  oscillations,  whereas,  if  the  tube  con- 
necting the  vessels  together  is  small,  the  water  will  slowly 
rise  in  the  second  vessel  until  its  height  is  the  same  as  that 
in  the  first  vessel,  without  any  oscillations. 

If  the  spark  of  a  Lcyden  jar  discharge  be  made  to  pass 
through  a  piece  of  paper  held  between  the  two  terminals, 
it  will  be  found  that  the  edges  of  the  hole  in  the 
paper  are  turned  up  on  lx)th  sides,  which  suggests 
that  the  sparks  did  not  pass  through  the  paper 
in  a  definite  direction,  but  that  the  disniptive  dis- 
charge was  an  oscillatory  one.  The  duration  of  the  spark 
is  extremely  brief,  being  calculated  as  loss  than  the  one 
hundred-millionth  part  of  a  second.  The  high-tension 
spark  develops  the  greatest  heat  known,  higher  than  the 
electric  arc  furnace  and  comparable  to  that  of  the  hottest 
known  stars,  such  as  those  in  the  constellation  of  Argo.  The 
spectrum  of  this  spark  resembles  that  of  these  stars  in 
showing  the  lines  of  the  proto-metals.  Its  duration  is  so 
brief  that  a  flying  rifle  bullet,  as  it  leaves  the  muzzle  of  the 
gun,  may  be  sharply  photographed  by  its  illumination.  The 
usual  frequency  of  the  oscillation  in  a  high-frequency  ap- 
paratus is  said  to  be  about  100,000  per  second,  though  Ilertz 
with  his  apparatus  produced  them  at  a  speed  of  50,00<J 
million  per  second.  These  discharges  set  up  oscillations  in 
the  ether  which  are  known  as  Hertzian  waves,  and  are 
made  use  of  |»y  the  various  systems  of  wireless  telegraphy, 
waves  up  to  2|  miles  in  length  being  produced  with  the 
powerful  Coils  employed. 

It  is  instructive  to  compare  the  length  of  these  waves 
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with  that  of  X-rays,  wliich  are  jjroduccd  by  the  action  of  a 
similar  lar^c  induction  coil  in  a  Crookes  tulK'.  These  latter 
r.iys  are  due  to  wave  lenjrtlis.  of  wliieh  (»ne  hundred  million 
occupy  the  space  of  only  1  inch,  beinf;  2,<KM)  times  shorter 
than  the  wave  lenf^th  of  frreen  li<:ht.  Electro-matinetic  waves, 
or  Hertzian  waves,  may  vary  from  one  ten-thouaandth  of  a 
millimetre  to  ll'.^MK)  feet  in  len<;tli.  or  even  more,  and  their 
discovery  lias  ^'one  far  to  i)rovc  Clerk  Maxwell's  hyjxtthcsis 
of  the  electro-magnetic  pro})erties  of  light. 

The  number  of  oscillations  at  each  Leyden  jar  discharge 
varies  from  ten  to  twenty,  dying  rapidly  away  ;  and  it  is 
therefore  necessary  to  keej)  the  Leyden  jars  or  condensers 
<  ontinually  recharged,  in  order  to  obtain  a  steady  sup2)ly  of 
high-frequency  currents.  Any  high  ])otential  source  of 
electricity  may  be  employed  for  this  purpose,  such  as  a 
static  machine,  or  a  large  induction  coil  such  as  is  used  for 
the  manufacture  of  X-rays  ;  or  the  alternating  main  current 
may  be  used,  after  passing  it  through  a  step-up  transformer 
to  r.iise  the  voltage  of  the  current  to  lU,(KX»  volts  or  more. 
Tht^  simpl(>st  apparatus  is  that  described  l)y  D'Arsonval,  in 
which  the  outer  coatings  of  two  Leyden  jars  or  condensers 
are  joined  togetlier  by  a  heli.\  of  thick  wire  (see  Fig.  10, 
p.  'M).  The  terminals  of  the  spark  coil  or  static  machine 
are  attached  by  wires  to  the  inner  coatings  of  the  two 
jars,  aiul  a  spark  gap  is  arranged  between  them  inside  a 
glass  bo-M,  which  acts  as  a  silencer  for  the  otherwise  deafen- 
ing nois',>  of  the  spark.  The  wire  of  the  primary  coil  or  helix 
should  be  thick,  and  niay  be  hollow,  and  need  not  be  in- 
sulated further  than  by  the  air  between  the  neighbouring 
coils.  This  coil,  by  its  self-induction,  acts  like  the  primary 
coil  of  a  faradic  battery,  though  no  iron  core  is  required. 
So  great  is  the  resistance  of  this  coil  through  its  self-induc- 
tion, that  if  the  linger  be  held  close  to  two  turns  of  the  coil 
when  the  machine  is  in  action,  sparks  will  jump  across  the 
air  gap  from  each  tuui  of  wire  to  the  finger,  the  current  thus 
preferring  the  enormous  resistance  of  this  alternative  path 
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r.ithor  thiUi  traverse  the  coil  nf  wire.  Wires  led  off  frmn  the 
two  tormiiials  of  this  ])rimary  lieli.v,  or  solenoid,  will  carry 
hi}jh-fre<|uency  currents,  wliidi  can  1m^  used  for  application 
to  the  pitient,  wh)  is  thus  placed  in  a  shunt  circuit  witli 
the  condensers.  The  form  of  the  oscillatory  currents  which 
traverse  the  patient's  body  is  not  known. 

Instead  of  this  form  of  primary  solenoid,  a  more  power- 
ful apparatus  may  be  used  t?)  produce  liinh-fretjuency 
currents  of  hiijher  voltage  for  the  ctHuve,  or  ev»'n  for  spark 
treatment.  The  current  from  the  outer  coatinf^s  of  the 
condensers  is  sent,  instead,  into  a  solenoid  known  as  Uudin's 
resonator,  or  Tesla's  transformer  may  be  used. 

Oudin's  resonator  consists  of  a  hi'li.x  of  wire  wound 
vertically  on  a  wooden  frame,  endinj^  at  the  toj)  in  a  metallic 
knob  (see  Fig.  II,  p.  40).  The  wires  from  the  condensers 
arc  attached,  one  to  the  bottom  of  the  helix,  and  the  other 
through  a  movable  clip  to  one  of  the  coils  of  the  heli.x, 
usually  about  one-quarter  of  the  height  of  the  helix  from 
the  bottom.  The  position  of  this  clip  has  to  l)e  varied 
according  to  the  use  to  whidi  the  resonator  is  put,  in  order 
to  get  the  best  effect,  with  the  most  powerful  efHuve  ;  this 
is  known  as  the  tuning  of  the  resonator.  The  part  of  the 
solenoid  between  the  attachments  of  the  wires  from  the 
condensers  acts  like  the  primary  coil  already  described  ; 
while  the  upper  portion  of  the  solenoid  acts  as  the  resonator 
to  the  primary  helix,  increasing  immensely  its  power.  When 
in  use,  and  the  movable  clip  is  adjusted  to  the  best  advan- 
tage, streams  of  violet  light,  or  the  effluve,  issue  from  the 
knob  on  the  top  of  the  resonator.  To  this  knob  is  attaclied 
the  wire  leading  to  the  multiple  point  or  other  electrode  used 
for  administering  the  effluve,  and  a  wire  from  the  bottom 
of  the  solenoid  is  attached  to  a  gas  or  water-pipe,  to  ensure 
an  earth  connection. 

Tesla's  transformer  consists  of  a  primary  coil  or  helix 
of  four  turns  of  wire,  which  carries  the  current  from  the 
condensers,  surrounding  a  secondary  helix  of  a  much  larger 
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iiuiiiIxT  rif  turiiH  of  finer  win-,  wnuiul  on  nil  clKiiiit"  cylijidcr, 
Hiid  8f|)iiriit<'(l  from  tlu'  juiniary  lit-lix  by  an  air  spacr  of 
l\  to  2  iiiclics.  This  secondary  liclix  can  l)c  puslicd  in  or 
out  of  tlic  ])rimary.  in  onlcr  to  vary  the  strength  of  tlio 
induced  current.  This  machine  acts  just  like  the  primary 
and  secondary  coils  of  a  faradic  battery,  with  tho  diffenMue 
that  in  this  transformer  the  secondary  is  inside  the  ])rimary, 
instead  of  outside.  uJid  there  is  no  iron  core.  To  one  of 
tne  terminals  of  the  .secondary  coil  is  attached  the  wire  to 
tlie  multiple  j)oint  or  other  electrode  used  for  treatment, 
the  remaining  terminal  being  connected  to  earth,  or  to  the 
metallic  plate  at  the  back  of  the  condens'-r  couch. 

The  condenser  couch.— This  is  a  long  ordinary 
couch  of  bent  wood  and  cane,  covered  with  insulating 
cushions,  and  to  the  back  is  fastened  a  large  metal  plate, 
which  is  attached  by  a  wire  to  one  end  of  the  primary 
solenoid  or  resonator.  This  couch  is  used  for  treatment 
by  auto-condensation.  The  patient  lies  on  the  couch,  and 
holds  in  one  hand  a  metal  handle,  which  is  attached  hy 
another  wire  to  the  other  extremity  of  the  solenoid.  A 
good  plan  is  to  earth  the  end  which  is  attached  to  the  back 
plate  of  the  couch,  as  is  done  with  the  Oudin  resonator  and 
the  Tesla  transformer. 

Large  cage  solenoid.— This  is  a  largo  wire  helix 
in  the  form  of  a  cage  big  enougli  to  enclose  the  patient 
when  sitting  on  a  chair.  It  is  raised  up  and  down  by 
means  of  a  pulley  and  counterpoise.  The  wire  solenoid, 
like  the  primary  coil,  has  very  little  ohmic  resistance,  but 
great  self-induction.  Thij  method  of  treatment  is  called 
auio-comhiction.  The  large  solenoid  takes  the  place  of  the 
primary  helix,  and  currents  are  induced  as  a  secondary 
circuit  in  the  patient's  body.  To  demonstrate  the  produc- 
tion of  these  induced  currents,  the  patient  should  hold  in 
one  hand  a  Geissler  vacuum  tube,  wlijch  will  glow  brightly 
while  tlie  apparatus  is  working.  If,  instead  of  a  Geissler 
tube,  he  holds  an  incandescent  electric  lamp,  with  one  of 
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its  iittuch(Ml  wires  in  piich  hand,  tho  arniH  l«'in>;  held  paralh-l 
t<»  the  wins  of  th<'  solenoid,  the  lanifi  will  li^ilit  uj).  In 
Hj)itc  (»f  the  pass:»fje  throtigh  the  ])atient's  tissues  of  siuh 
powerful  currents  as  are  evidenced  l»y  the  li^htitig  up  of 
the  lamp,  the  patient  himself  is  conscious  of  no  sensation. 

Various  electrodes  are  made  use  of  in  higli-fre(pu'ncy 
treatment. 

The  multiple  point  electrode,  for  administering'  the 
offluve  from  the  secondary  solenoid  or  Oudin's  resonator, 
is  built  on  the  same  plan  as  that  used  with  the  static 
machine.  An  e.xcellent  form  of  this  electrode  is  sold  hy 
Messrs.  Gaiflfe  for  use  witli  their  high-power  alternating 
current  high-fre«piency  apparatus  (see  pp.  .'jJ7-L'S).  It 
differs  from  others  in  being  burr-shaped,  with  the  wire 
bristles  set  thick  and  cU  se. 

Metallic  electrodes  shaped  like  a  cone  and  ending 
in  a  blunt  point  are  used  occasionally  for  administering 
strong  sparks  from  the  resonator  or  secondary  coil.  These 
sparks  will  be  white  sparks,  not  blue  like  those  from  the 
effluve,  and  they  are  painful  and  strongly  stimulating.  They 
are  comparable  to  those  from  the  metallic  roller  or 
metal  point  used  with  the  static  machine,  and  must  not  be 
directed  continuously  at  any  one  point  of  the  skin,  or  blisters 
will  be  raised. 

Bare  metal  electrodes  may  be  used  in  direct  contact 
with  the  skin,  as  in  the  treatment  by  the  condenser  couch, 
when  the  patient  holds  a  metal  electrode  in  one  hand,  which 
is  connected  to  one  end  of  the  primary  coil.  A  metallic 
blunt-pointed  cone-shaped  electrode  is  also  used  in  the 
treatment  of  haemorrhoids  and  painful  fissure  of  the  anus. 

Variously  shaped  glass  vaCUUm  electrodes  are  useful 
for  the  application  of  the  current  by  administering  blue 
sparks  to  the  skin  or  mucous  surfaces.  An  insulating 
handle  with  a  binding  screw  attachment  is  fixed  on  to  a 
hollow  glass  electrode  of  various  shapes,  usually  more  or  less 
disc-shaped   at   the   end.     The   hollow    glass   electrode   is 
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piirtiiilly  rxliiiusti'tl  of  air,  and  a  wire  ]»roj«'<t,s  into  the 
vaiuuni,  and  is  roniu'cU-d  through  the  liiiidin^  sm-w 
attacliinciit  to  tin-  |>iiMiary  or  sci'oiidarv  solenoid.  When 
the  macliini'  is  in  action,  tlic  interior  of  the  ^lass  clectrodt' 
ylowH  with  violet  li^ht,  and  numerous  fine  eracklinjj  l»luo 
sparks  will  pass  from  the  patient's  skin  to  the  outer  surface 
of  the  ylass,  when  tliis  is  rulilied  over  tlie  surface,  Th<'se 
currents  are  indifed  l-y  the  flow  of  electricity  inside  the 
conducting  vacuum  to  the  inner  surface  of  the  j,dass.  Some- 
times the  glass  becomes  perforated  hy  a  spark,  rendering 
the  electrode  useless.  These  blue  sparks  are  not  painful, 
like  tlie  wliite  si)arks  from  the  single-point  metal  electrode, 
and  they  pntduce  a  stinudating  effect  upon  the  skin  and  a 
prickling  sensaticui  accom])anied  by  a  feeling  of  warmth, 
with  dihitation  of  the  superficial  vessels. 

A  milliainperemeter  should  ])e  used  in  the  circuit  when 
the  patient  is  treated  on  the  condenser  couch,  the  instru- 
ment being  placed  in  the  circuit  between  the  solenoid  and 
the  j)atient.  The  instruments  register  on  the  hot-wire 
principle,  and  currents  of  UK)  to  ij<JO  ma.,  or  even  much 
more,  may  be  used.  With  the  method  of  autoconduction, 
when  tlve  patient  is  enclosed  in  the  large  cage  solenoid,  there 
is  no  method  at  present  for  registering  the  current  passing 
througli  him. 

JIEDICVL  ArPLICATIONS  OF   IIIGII-FREQUEN'CY 
CU HUE NTS 

The  general  effect  of  treatment  by  high-frequency  cur- 
rents, whether  applied  by  autoconduction,  by  the  con- 
denser couch,  or  by  local  applications  of  the  effluve  or 
sparks,  is  to  cause  a  dilatation  of  the  superficial  blocd 
vessels,  with  .m  increased  volume  of  the  capillary  pulse, 
and  a  consequent  fall  in  the  general  blood  pressure,  and 
raising  of  the  surface  temperature.  The  fall  in  the  blood 
pressure  may  be  quite  considerable  (according  to  Moutier, 
as  much  as  oO  to  10  mm.  of  mercury  at  each  sitting).     My 
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own  observations  with  thr  liivu  Uorci  Hplivunioniai.oinH.r 
uiH.n  tlu.   l.radiial   iirti-ry,   itnm...HatHv  l.rfon-   ai.<l   aft.i 
treatment  with  the  condenH.T  cou.h  "nieth.Ml   for  twenty 
minut..8,   using  the   full  strength  of  the   pri.narv  .ci!   nl 
twenty  turns  of  wire,  of  a  powerful  marhin.'  driven  from 
a  lO-inch  coil,  have  frequently  shown  a  drop  of  lo  t<.  12 
nun.  of  mercury,  when  the  pressure^  before  the  tr.atment 
ranK."(l  from  1  tO  to  m  mm.     The  fall  in  pressure  tends  to 
become  permanent,  wh.-n  the  original  pressure  is  greatly 
above  the  normal,  though  six  or  nu.re  treatnvents  will  be 
required.     Moutier  claims  that  the  blood  pressure  can  be 
I)ermanently  reduced  to  normal  limits,  even  in  cases  of 
arterio-sderosis,  and    he    asserts  that   the    effects   in   this 
direction  are  much  nu.re  powerful  with  the   method    of 
autoconduction,  using  the  large  cage  soh-noid  to  enclose  tlie 
patient,  than  with  the  condenser  couch.     Mest  observers 
report  the  effects  of  the  two  methods  to  be  much  the  same. 
This  method  deserves  a  more  extended  trial  in  the  treat- 
ment of  artorio-sclerosis  and  chronic  renal  disease,  in  wliich 
the  blood  pressure,  as  tested  with  the  lliva  Rocci  instru- 
ment, frequently  registers  as  much  as  2rA)  mm.  (.f  mercury 
and  even  more.     The  bad  effects  of  this  high  blood  pressure,' 
the  headache,  the  tendency  to  cerebral  hann(jrrhage,  etc.| 
arc  so  serious  and  so,  difiicult  to  control  with  drugs  aiul 
ordinary  hygienic  and  therapeutic  measures,  tliat  the  high- 
frequency  treatment  deserves  to  be  thorouglily  tested.  "^ 

Cases  with  abnormally  low  blood  pressure  have  alst. 
been  recorded  as  being  improved,  with  raising  of  the  blood 
pressure  to  normal,  by  condenser  couch  treatment.  It  is 
difficult  to  explain  this  apparent  paradoxical  result  on 
physiological  grounds. 

Metabolic  effects  have  been  claimed  for  high-fre- 
quency treatment  in  gout,  chronic  rheumatism,  obesity, 
diabetes,  and  other  conditions  of  disordered  metabolism  ; 
but  I  am  not  awiire  of  any  convincing  records  or  exj>eri- 
ments  to  prove  these  assertions.     It  is  true  that  the  ex- 
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]K'riin<Mitrt  of  D'Arnoiival  im.l  others  have  hIiowii  that  hif;h- 
froquciKV  tiratinclit  leads  to  acccliTati  d  n  spiratory  cx- 
<]i  III'.'!',  with  iiicreaH"  in  th<'  amount  of  the  earlioiiic  acid 
e.\j)ire(l,  and  increased  diaj>hor«  sis  and  diiin  sis  ;  l»ut  I 
know  of  no  «h>ttnite  proof  «)f  any  marked  in«TeaHe  in  tho 
iiitro^enoiiH  j'xcretion  as  a  result  of  lii^'h-frefjiiency  treat- 
ment, riuh'i'd,  on  reflection,  we  should  scarcely  i  xp<'(t  to 
find  cliemical  efTects  from  treatment  with  hi^di-frecinenc}' 
currents,  as  they  are  ulti-rnatinn  currents,  and  their  etTects 
would  protialily  he  confined  to  stimulation  of  the  tissues, 
as  is  tlie  case  witli  sinusoidal  currents  and  faradism.  On 
the  other  hand,  tlie  unidirectional  currents-  galvanism  and 
static  electricity-  are  capahle  of  producin}»  dieniical  effects 
with  the  transference  of  ions. 

CtTtiiiii  neuralgic  states  may  henefit  l>y  liifili-fro- 
quency  treatment,  esjM'cially  neuralgic  hoadaohe  by  the 
brush  discharf^e,  or  by  using  the  condenser  couch  metlind, 
and  at  the  same  time  employing  light  massage  with  the 
tips  of  the  fingers  to  the  foreliead  and  scalp.  Tliis  method 
causes  fine  blue  sparks  to  play  from  the  scalp  to  the  masseur's 
fingers,  producing  a  sensation  of  tingling  and  warmth,  which 
sometimes  has  a  marked  anodyne  effect.  Occasionally, 
after  treatment  on  the  condenser  couch,  marked  hysterical 
l)henomena  are  ev(»ked,  the  patient  complaining  of  inability 
to  stand,  giddiness,  and  faintness. 

Haemorrhoids  and  painful  fissure  of  the  anus  may  be 
])eneficially  treated  by  means  of  a  blunt-pointed  metallic 
cone  electrode,  or  a  similarly  shaped  vacuum  glass  elec- 
trode. The  introduction  of  the  instrument,  which  must 
be  vaselined,  will  probably  cause  considerable  tenesmus 
at  first.  As  soon  as  the  current  is  turned  on,  the  muscular 
spasm  is  said  to  relax,  and  a  sensation  of  warmth  and  slight 
l)ricking  is  produced.  Numerous  applications  will  probably 
be  necessary. 

falling  out  of  the  hair  and  alopecia  has  been  ob- 
served to  benefit    by  high-frequency   applications,  either 
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by  tluM'tfluvi'  from  tin-  niultipli'  point  ami  n-rtoimtor  to  tin- 
H'lilp,  or  by  intMiiH  (.f  friction  with  thi-  vucuum  n\ann  «'1«t- 
trodo  iwd  with  thf  primiiry  coil.  The  j^rowth  f»f  thf  Iiait 
in  prohuhly  HtimiihittMl  l»y  th»'  superficial  va.scuUrity  in- 
duced hy  the  treatnKMit. 

tVrtuin  Chronic  skin  diseases  may  Lcnctit  consiih-r- 
ahly  l>y  high-fnujuenty  trcutnient  with  th<>  Imish  discharge 
from  the  resonator,  notably  lupus,  acne,  and  chronic  eczema. 
In  the  treatment  of  lu}»us  and  chronic  eczema  the  iH'st  form 
of  application  is  by  means  of  a  vacuum  gliiss  electrode  with 
disc-shaped  end,  attached  to  the  ro8onat<»r  or  secondary 
coil,  and  held  close  to  the  diseased  skin  so  as  to  rain  a  steady 
shower  of  sparks  uiM)n  it  for  some  minutes.  As  a  result, 
inflammatory  reaction  is  produced,  followed  bv  cicatrisa- 
tion. 

Chilblains,  dead  fingers,  and  Raynaud's  disease 

are  best  treated  by  means  of  the  glass  vacuum  electrode 
on  the  condenser  couch,  administering  a  shower  of  blue 
sparks  to  the  affected  parts.  Usually  tlie  full  strengtli  of 
the  primary  coil  should  be  used,  and  the  disc-hhaped  end 
of  the  glass  electrode  should  l)e  moved  slowly  over  the  sur- 
face of  the  fingers  and  hand,  or  the  foot,  so  as  to  rain  the 
blue  sparks  upon  the  skin  from  a  distance  of  about  one- 
eighth  of  an  inch.  This  treatment  should  l»e  given  for 
fifteen  minutes  daily.  Chilblains  usually  clear  up  rapidly 
under  it.  If  the  electrode  is  rested  too  long  uj)on 
any  part  of  the  skin,  the  application  becomes  rather 
painful  and  a  sense  of  l)urning  is  produced,  and  a  patchv 
redness  of  the  skin  may  persist  for  a  day  or  two,  due  to 
scorching. 

Rheumatoid  arthritis  may  also  be  ]>enetited  by  the 
same  treatment,  the  joints  becoming  less  painful  and 
more  i'reely  movable  after  several  days'  treatment. 
These  results  are  probably  due  to  the  hyperemia  of 
the  extremities  produced  by  the  vaso-dilatation  resulting 
from  the  general  effects  of  the  high-frequency  currents  and 
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til.'  local  irritant  cffrct  of  tlu>  s])arking.  Similar  improvo- 
mcnt  may  bo  Hwn  as  a,  result  of  tho  passive  hj'porsmia 
])ro(lucril  l>y  tho  routiiio  aj)])1ifutions  of  a  Bier's  liardage 
to  the  liml). 

In  all  ap])lirations  of  tho  offluve  from  the  resonator,  or 
of  blue  sparks  from  the  vacuum  eleetrodo  to  the  hands  or 
head  or  neck,  it  is  necessary  that  all  metallic  contacts  with 
the  parts  should  1)0  removed,  such  as  rin^s,  hairpins,  hat- 
])ins  ;  or,  if  the  scalp  is  to  ho  treated,  tlio  hat  should  \)C 
removed,  as  with  ladies  the  wire  in  tho  hatband  may 
attract  s])arks  and  cause  a  shock  to  bo  felt  across  tho 
forehead. 
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Abdominal  reflex,  65 
Abductor  paralysis,  214 
Abscess,  alveolar,  79 
ACC,  122,  126 
Accidental  shock,  293 
Accumulator  chdrjjing,  114 
Accumulators,  28.  105,  111,  113 
Acids,  169,  242 
Acne,  7 

Acupuncture,  172 
Adaptor  plug,  27 
Adductor  paralysis,  68 
Adhesions,  gallstones,  97 

,  gastric  ulcer,  97 

,  periarticular,  151,  197 

—  ,  pericolitis,  97 

,  pleuritic,  79 

Agoraphobia,  61 
Alcoholic  neuritis,  202,  221 

■   poisoning.  102 

Alcohoiism,  61 

Alkalies,  169.  242 

Alkaloida,  239 

Alopecia,  8,  345.  370 

Alpha  rays,  349,  351 

Alternating  current  (see  Current) 

■ -   dynamo,  188 

electro-magnet,  295,  307 

■ motors,  285,  287 

.  periodieity  of.  188 

Aluminium  cells.  295,  327 
Amaurosis,  67 
Amblyopia,  58.  67,  73 

,  tobacco.  206 

.  toxic,  206 

Ampere,  108 

Ampere-hour,  I08 

Amputation  stump,  71 

Amyotonia.  306 

Amyotrophic  lateral  acleroBis,  218 

Ansmia.  3,  7,  53,  257 

Anaesthesia.  66,  268,  361 

■ .  cerebral,  83 

— — ,  cocaine,  5 

.  hysterical.  58,  66,  71,  86,  207 

local,  268 

and  glove,"  67 


'  stocking 

,  ulnar,  193 

Ansesthetic,  102 
Analgesia,  86 
Anelectrotonus,  124 
Aneurysm.  249.  Z^\ 
Angina  pectoris.  78,  173 
Anions,  2  37,  241 


Ankle-clonus.  64,  84 
Ankle-jerk,  64 
Anorexia,  68 
Antikathode,  320 
Antrum  of  Uighmore,  79 
Anuria.  69 
AOC,   123.  125.  126 
Aphasia,  215 

•  hyst<'rical.  68 

Aphonia.  84.  212 

;  hysterical,  67.  212 

Apostoli's  galvanocausis,  248 
Arc  lamp.  81.  311-313 

•   light.  172,  316 

Argyll-Robertson  nupil,  208 
Arm-bath,  197,  227.  2S8,  259 
Armatures.  29,  30,  276.  2  78 
Arsenical  neuritis,  221 
Arterio-sderosis,  78,  310,  361,  369 
Arthritis,  rheumatic,  105 

.  rheumatoid,  5,  78 

Asthma,  78 

Ataxic  paraplegia,  84 

Athetosis,  6 

Atony,  lower  bowel,  300 

Atrophies,  chronic  muscular,  136 

Atrophy,    arthritic.    50.    137.    140 

149 

of  hand,  179 

:  idiopathic  muscular.  136 

interossei,  145 

,  muscular,  49.  140.  301 

-,  optic,  86,  205 

,  peroneal,  303,  305 

.  brogressive    muscular,     130. 

137,  140,  146.  218.  219.  223,  302 

,  neuritic.  305 

trapezius,  216.  218 

,  Werdnig-IIoftmann,  306 

Attitudinising.  70 
Auto-condensation.  39.  366 
Auto-conduction,  41.  366 
Auto-inhibition.  72 
Azoospermia,  347 


Babinski.  on  hysteria,  66 
,    Baldness,  8,  345,  370 
j    Bandaging,  tight.  132 
j    Basedow's  disease  (.^cr  Oravei's) 
'■    Bathr.  arm.  197.  227,  258,  2 J9 ' 

.  cabinet,  310,  313 

,  electric  light,  310 
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Haths.  faradic.  ■M.  54,  61,  71 

,  foot,  227.  2  5  8.  301-303 

.  foiir-ccll.  31,  227.  258,  302 

-  .  ealvariic.  27,  28,  121,  222.  223. 
227.  2  51,  257,  269,  270 

-  -,  liyaro-clcctric,  227,  251,  270, 

313 

,  porrclain,  256 
.  proportionate      current      to 

patient.  251.  260 

.  radiant  heat.  172.  310 

.  S<'hnee.  31,  172.  227,  258,  302 

.  sinusoidal,  292,  299,  300.  301, 

303.  306 
Hatteries,  111 

-  -    .  .onil.iried,  23,  25.  128.  229 

.  faradie,  9-14 
--   ,  (ralvanic,    15-28,    105-107,    111, 
170 

-  .  Leclanchc.   16,  105 

■ ,  patient'H,  15,  170 

.  re-eliartjinp,  115 

,  seeondar.v,  lOf.  113,  252,  270 
Kaiier'.s  foeus  tiiheH,  331 
Heard,  Dr.,  on  neurasthenia,  54 
Bt'elere  coal-gas   iiieroury   break, 

39,  322 
Heeciuerel  rays,  348,  349 
Hells  palsy.  80.  134,  153-158 
Benoist  radiocjironioiiieter,  336 
Beri-beri.  152.  221 
Bernheiin  on  h.vsteria.  72 
Beta  rays.  349.  350 
Black   marks   caused   by   positive 

needle.  244 
Bladder  stimulation.  47 
Blepharospasm.  81,  82 
Blindness,  hysterical.  74,  206 

-,  sudden  onset.  84 
Blood-pressure,  7,  361.  368 
Blue  light.  318 

sparks,  368-371 
Bowi'l.  faradism  of,  97 
Bracliial  neuritis.  172-177,  202,  203 
plexus    lesions.  177-182,    189, 

194-195.  203 
Brain,  laceration  of,  56 
Breeze,  static  electric,  37,  35  9 
Britrhfs  disease  78 
Bronchitis,  78 
BroTichocele.  87 
Bulbar  palsy.  212.  219 
Burn,  calvatiic.  119 
,  X-ray.  338 


("affc,  solenoid,  366 
<'arl)on  pole,  117 
Carbon-iron  electrode.  313 
Carcinoma,  Kastric.  92 
Cardiac  failure,  102 
Caries  of  spiui'.  78 
Catal< i..-y.  ('i.  "!.  10* 
Catanhoresis.   169,  177,  203,    238- 
240 


Cataphoresis  with  cocaine,  5,  239, 
245 

with  main  current,  270 

Cataract,  post^Tior  polar,  311 
Cauti'ry,  112,  113 
Ci'lls,  accumulator  batt^-ry,  252 
— •   arranjred  in  parallel,  112 

,  <-hromic  acid,  112 

,  Daniell,  108 

,  Bellesen.  dry.  9,  16.  107 

,  Leclanche,  dry,  9,  16,  112 

.  ,  wet.  106 

.  Obacb,  dry.  9.  16,107 

.  storage,  113 
Cerebral  atiK.sthesia.  83 

-  tumour,  205 
Cirvical  rib,  179 
Cliabaud's  focus  tube,  333 
Cheloid,  345 

Chilblains,  5,  226,  228,  371 
Chlorosis,  53 

Chorea,  hysterical.  64 
Choroiditis,  74 
Chronic  constipation,  96 
eczema,  313,  345,  371 

-  muscular     rheumatism.     78, 
257,  313 

-  -    nephritis,  310 

-  paraplegia,  85 

--  -    renal  disease,  78.  369 

sciatica.  164.  171.  257,  310.313 

skin  diseases,  313,  345,  371 

-  ulcers,  318,  360 
Chvostek's  sign,  136 

Clarke's     magneto  -  electric     ma- 

diine.  276 
Claustrophobia,  61 
Clavus  hystericus,  61,  57.  90 
Closing  current.  44,  324,  329,  331 
Cocaine,  eataphoresis,  5,  239.  245 

drug  habit,  61 

Coils,  induction  (sec  Induction) 
-      ",  Lewis  .Jones's,  12 

,  secondary,  43-47.  292.  325.  366 

,  sledge.  12,  29-31.  270,  291,  299 

-  ,  Spamer's,  11 
Colour  vision.  67,  73 
Coma.  3.  102 

Combined  batteries.    23,   25,   128, 

229 
faradism  and  galvanism,  24, 

127,  146,  151,  186,  229 

sclerosis,  84 

Commutator    for    direct   current, 

30,  276.  2  81 
.  de   Wattevilh',   23.   12  8.   187, 

229 
Concussion,  55 
Condenser,  38.  108.  325,  362-365 

coucli,  366 

(\in  junctival  reflex,  65 
Coniunctivitis.  81,  82,  315 
Constipation,  3,  96.  97,  300 
Constriction   of   visual    fields,   58, 

74,  206 
r..ntact-1)rcaker  (?rr  Tnterruptor' 
t'ontinuous  current  (arc  Current) 
Contraction,  tonic,  156 
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Contracture 

.  latp.  158,  162.  222,  301 

ConvulHioiis.  hysterical,  ti7,  70, 

103 
CoiivulHivc  tic,  74,  75,  82,  224 
Coopcr-llcwitt  lanin,  314 
Cord,  inner,  189,  t91 

,  posterior,  192 

,  transverse  lesion  of,  49, 

140.  181 
Corpuscles  dec  Electrons) 
Cough,  spa.smodic,  68 
Coulomb.  108 
Cranial  nerves.  205 
Cruun  palsy,  130,  183 
Current,    alternating, 

188,  270.  2  75 
— .carrying    power 

cable.  286 

.  closing,  44,  329 

collector.  17 

curves,  13.  279 

--  -.  density  of,  120.  121,  167 
,  diffusion  of.  125 

—  -.  direct.  105 

,  _ —    main.  25,  252 

,  DC    main,    dangers 

2  69 
.  earth.  30,  J2.  253-257 

292-293,  299 

,  faradic,  8-14,  42-50 

,  high-frequency,  265,  294  (.-;,■.• 

alto  High  Frequency) 
.  high-tension,  alt»'rnating,  32, 

272-273,  2  86,  317.  327.  353 

-      , ,  dirett,  288 

— -,  induced.  38.  42,  44,  292,  358, 

366 

,  Leduc,  262 

.  oscillatory,  38,  362.  365 

,  pulsating   unidirectional.    6, 

30,  276.  281,  2  82,  283,  2  95,  327 
.  secondary,  43-47,  53,  292,  366 

—  ,  sMiusoidal.    5.    28.    151,    188, 
275.  2  78,  294 

• , ,  constant,  30,  284 

, .  four-phase,  281.  298 

. .  periodicity  of,  278,  294 

, .  polyphase,  296 

.  — — .  single-phase,    32.    2  80, 

283.  294 
, ,  three-phase,  31,  96,  280. 

283.  287,  297,  2  98 

,  .  two-phase,  28i,  2  97 

. ,  undulatory.  278.  2  83 

Cyanide  cataphoresis.  240 
Cyanotic  reaction.  50,  137 
Cynobcx  hebetis,  68 
Cystoscope.  113 


Dancing  mania,  69 

Dangers  of  main  currents.  30,  52, 

253-257,  2  68-274,  292-293 
Daniell  cell,  108 


DArsonval  galvanometer,   17.  19. 

27 
— -   transformer,  36,  40,  41,  364 
DArsonvalisation.  362 
Dead-beat  galvanometer,  19 
Dead  Angers.  5.  226.  3  71 
Deafness,  galvanism  in.  211 

,  nerve,  159 

Debility,  53-54 

Decomposition  of  water,  241 
Deep  sensibilit.v,  193 
Degeneration,  "  reaction     of     («eo 

Keaction) 
Dental  neuralgia,  79 
Depression,  7,  360 
Derived  circuit,  38.   '3 
De  Watteville  switi  li    23,  128 
DiaheU's.  7,  78 
Diabetic  neuritis,  221 
Dilated  stomach,  3,  91,  100,  136 

-    venules,  244 
Diphtheria,  facial  palsy  in.  159 
Diphtheritic  neuritis,  212,  221 
Diplopia,  82,  84,  139 
Direct  current  (.*cc  Current) 

■    electromagnet,  308 

(DC)     motor.     29,     283. 

285 
Discharge,  oscillatory.  37,  362 
Dislocation  of  spine,  150 
Disseminated  sclerosis,  6,  84,  226 
Double  consciousness,  70 

hemianopia,  74 

Dry  cells,  9,  16,  107 

Dynamo.       alternating       current 

(AC),  188.  2  78,  298 

,  direct  current  (DC),  2  81,288 

Dyspnwa.  hysterical.  69 


Karth  current.  30.  32,   253-2V7, 

269-270,  292-293,  299 
Karthed  poles.  253,  255.  256 
Ecchymosis,  meningeal,  56 
Kcholalia.  225 
Kczema.  7,  313,  345,  371 
Efficient   intensity  of  alternating 

current,  279 
Effluve.  35  9,  361,  365 
Electric  baths  (.tc  Baths) 

burn,  272-273 

shock,  268,  2  73 

sleep,  267 

Electrical  horse-power,  109 

units.  107-109 

Electricity,  conduction   of,    23  6, 

286,  353 

,  negative.  319,  351,  360 

,  positive,  351-353.  357.  360 

— -,  static,  6,  34,  352 
Electrification,     general,     53,     61, 

251.  301,  360.  366 

of  railways.  274.  287-288 

Electrodes,  21,  51.  119 

,  brass  roller.  37.  358    359 

,  carbon-iron,  313 
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Electrodes,  destructive  action  of, 
242 

—  .  taeiiil,  21 

.  Hat  iiad,  21,  51.  166 

—  ,   iiidiHereiit,  61,  126 

—  ,  irilra-ira.stric,  93,  96,  100,  299 

—  .  laryngeal,  213 

—  ,  inulti|jle-|i(iiiit,  57,  358,  367 
.  rectal,  98 

,  roller.  65,  96,  98,  201 

.  te.-tiiiK,  51,  52.  123,  213 

,  treatliieiit,  51 

,  vac  HI  Mil.  367-368 

,  wire-l.iiisli.  62,  65,  71,  86 
Klc.trolyt-i-.  27,  120,  236,  2-42,  244, 

247 

of  skin,  118 

KIcrtrolytes,  107,  236,  241 
Klectrolytii;  rectitier,  295,  327 
Klectro-inafjnetic  waves,  364 
Kleetro-nuiKnetH.  AC,  33,  307 
•  — .  DC,  278,  308 
Kleetro-motive  force.  KMF.  108 
Klectro-ileirativi;  element.  117 
Kle<  tron.s,  319,  335,  349,  351 
Klectroplionis,  1,  354 
Klectro-ijo.sitive  element,  117 
Klectroscope,  352 
Klectrotonus,  124 
Kiiilation,  4,  246 
Kpilepsy,  72 

,  laryngeal,  215 

Krbs  myo|.;>.thv,  303,  304 

•-    luiralytfis,  177-180 
KrythromelalBia,  228 
"  Kver-Keady,"  lamp,  115 
Exophthalmic  poitro,  87,  230 
Kxteiision,  passive,  181 
Extensors  {sec  Muscles) 


Facial  ma.=sagc,  162 

-  muscle,  nuclear  origin,  160 
neuralgia,  79 

1     ralysis.  16,  48,  80,  133,  135, 

153,  158.  160.  162 

,  double,  159 

— —   ,  galvanism  in,  161 

-,  infranucloar,  163 

-  -  -    ,  middle  oar,  154 

-  -,  nerve-anastomosis,  216, 
218 

-  -       -    ,  nuclear,  160,  163 
-  -,  suiiranuclear,  153.  163 

-  -    spasm,  74,  162 

•    ,  nerve-stretching,  162 

Fallopian  canal,  153,  158 
Farad. 109 

Faraday,  induction  roil,  42,  275 
Faradic  bath  (.'<i'c  Bath) 

-  --   current   (.-re  Current) 
Faradlmeter,  45 

Fara(li>m,     intragastric,     93-96, 
100 

and  galvanism,  combined.  24 
79.  95,  127,  146,  151,  186,  201,' 
229 


Fatal  8hock8  253.  271.  273 
Favus,  344 

Fibroids,  olectrolyHis  in,  ?48 
Fibrositis,   rheumatic.  78 
Fifth  cervical  nerve,  177 

cranial  nerve,  209 

Fillet.  83 
Finsen  light.  311 
Finsen-Ueyn  lamp.  312 
First  dorsal  root,  191,  192 
Flame  arc,  316,  317 
Fluorescent  screen,  338 
FocuB  tube.  320,  331-333 
Fracture-dislocation,    spine,     150, 

181 
Franklin,  Benjamin,  353 
F'ranklinisation,  354 
Fraud  in  hysteria.  72.  207 
Frenkel's  exercises.  87 
Functional  paralysis.  49.  65 

spasm,  75 

—   symptoms,  63 


Gaifle,  high-frequency  apparatus, 

41 

,  intcrrupteur  autonome.  327 

.  multiple-point  electrode.  367 

.  spring  nu'tal  tapes.  333 

(Jalvanic  batteries,  17 

-  —   current,  105 

(ialvanism,  4.  15.  105 

and  faradism  combined  '."cc 

Faradism) 

-  -,  effects  on  muscle,  122 

._ on  skin,  118 

-.  for  deafness.  211 

.  hydro-electric  bath.  313 

,  hyperexcitability  to.  130.  132, 

134 

-.  ill  brachial  neuritis,  176 

.  in  facial  paralysis,  161 

,  in  optic  atrophy.  205 

.  in  sciatica,  166 

,  rapid  interruptions,  263 

-  -  -_ .    reversals,   265 

Oalvano-faradisation   {fee  Farad- 
ism and  Galvanism) 

Galvanometer,  d'Arsonval,  17,  19, 

27 

,  Schulmeister's  floating,  20 

Gamma  rays,  334,  349 
(ieneral  electrification,  53,  61 

paralysis  of  insane,  208 

Globus  hystericus.  67 

Gastrectasis,  91 

Gastric  atony  and  dilatation,  91, 

299 

carcinoma.  92 

Gastroptosis,  95 
Geniculato  ganglion,  154,  160 
(Jout.  7,  78,  152,  310 
— ,  rheumatic.  238 
Gouty  eczema,  313 

neuritis,  200 

Gowcrs,  on  facial  spasm,  75 
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Grummc  rinif,  282 

GniveN's  diseaHC,  69,  87,  230,  257 

,  electrical  resistance  in, 

234 
Oumniatous  moninKitis,  208 
Gundelarh'8  focus  tube,  331 


Habit  spasin,  224 

Kiematemesis,  false,  68 

llajraorrhoids,  370 

Hand,  atrophy  of.  179 

Hard  tube,  331,  i? 

]{<>ad  injuries,  55 

Headache,  functioi   ,1,  7.  67,  89 

,  neuralRic,  89,  J61.  370 

,  ueurastheiiic,  7,  60,  89,  361 

Heart  failure.  272 

Helium.  350.  351 

Helix.  38,  364-366 

Hellesen  dry  cell,  9,  16,  107 

Ueniiantesthesiu.  hysterical,  58, 
66.  207 

,  organic,  84,  160 

Hemianopia.  74.  207 

.  double,  74 

Hemiplegia,  6.  49,  83,  137,  140. 
150,  160,  301 

,  hysterical.  58,  83 

,  infantile,  223 

,  hjuseular  wasting  in,  150 

neri)es  zoster,  235,  346 

Hertzian  waves,  363,  364 

Hiccoufth,  69 

High  blood  pressure,  361,  369 

Uigh-fre(|ueney  currents,  7,  35,  37, 
230,265,  294,328,  362 

High-tension  currents  {sec  Cur- 
rent) 

— -   shocks,  272 

Hip,  hysterical,  67 

Holt*  static  machine,  354 

Holtzknecht's  pastilles,  337 

scale.  344 

Hot-wire  milliamperemeter,  30.  41. 
368 

Hydrocephalus.  205 

Hyperacnsia.  auditory.  154 

Hyperaesthesia.  66,  67,  346 

Hyperchlorhydria,  92 

Hyperexcitability  of  muscle,  80. 
130,  132.  134 

■  of  nerve.  48,  131 

Hyperpyrexia,  70 

Hypertrophic  neuritis,  305 

Hypnotic  state,  72 

Hypoglossal  nerve,  216,  218 

Hypothenar  muscles,  190 

Hvpotonia,  306 

Hysteria.  62-74,  85,  225 

.  definition  of.  361 

■ .  patholoey  of.  72 

Hysterical  joint.  63,  67 

visual  fields.  67.  74 

Hystero-genetic  zone,  67 


I 

Incandescent    lamp,    109-110,    113, 

290,  294.  310-311,  317 
Incontinence,  58,  84 
Inco-ordination  of  arms,  85 
Induction  coils,  42-5 2  309,321,364 
Infantile  hemiplegia,  223 

par-ilysis,  5,  49.  130,  133,  140, 

141,  223         ^  — 
Infranudear  lesion,  160    163 
Infraspinatus,  178-182,  303 
Inner  cord  lesions,  191 
Insanity,  70,  72 
Insomnia,  7,  60,  95,  361 
Insular    sclerosis    {sre    Dissemin- 
ated sclerosis) 
Intensifying  screen,  338 
Internal  resistance,  16.110-112, 116 
Interossei,  52,  145,  189-194 
Int-errupteur  autonome,  322,  327 
Interruptions,  speed  of.  24,  324,  526 
Interruptor,  electrolytical,  325 

,  Mackenzie-Davidson,  322 

-,  mercury  turbine,  322-324,  327 
-,  spring,  9,  10,  42-43,  187,  292, 
321 

,  slow,  24,  101-102.  187,  211 

Intestines,  ballnoning  of,  69 
Intragastric  faradism  (.-vt'  Farad- 
ism) 
Intrinsic  hand  muscles,   179,   190, 

305 
Iodine,  in  cataphoresis,  238,  241 
Ions,  salicyl.  169 

,  theory  of,  236-242 

,  zinc,  239 

Iron  core.  10-14,  44-47,  291,  295.  324 
Isi-ha-niic   myositis,    131,    132,    140, 
197,  199 


Joint,  hysterical,  63,  67 
-   lesions,  149 

— —    in  hemiplegia,  151 

in  neuritis,  174,  197 

,  tubercular,  149 


Katelectrotonus,  24.  124,  127 

Kathode  rays,  319,  320,  334,  350 

Rations,  237,  241 

KCC,  12  2-12  3,  125,  126,  130-137 

Kilowatt,  109.  228 

Kienb6ck'8  quantimeter,  337 

Klumpke  paralysis,  179 

Knee-jerk.  64.  306 

KOC,  122,  123,  125,  126,  136 


!    Labile  method.  4 

Lachrymal  obstruction,  248 
Landouzy  -  Dcjerine      myopathy, 
303,  304 
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L:iryiii;<'al  crisiH,  215 

■    i'|iil«'|),<v.  215 
panilyHiM.   212-214 

-  vcrliifo,  215 

L.ilo  riiritlitv,  •59,  84,  30t 
LatiTJil  scIcroHiH.  84,  137 
Load  iicriritiH,  135.  145.  183,  221 
— --    pnisrtiiiiii;.  145-146 
LfM'IanclK'  cells  <-'i'  Cells) 
l.i'diii',    cataphoriHiH    cxpcrimoiit, 

239 

curri'iit.  202 

motor.  2f.3.  300 

Lciiard  rays.  319,  334 

lii'tizs  law,  275 

Lcucocytlm'iiiia.  88.  234,  346 

Ijcucocvtosis.  89 

licydi'ii   jar.  38,  108 

Lewis  .loiies's  battery,  12 

Liirlitniiit;  pains,  87,  164 

Lues  of  force,  44.  125 

Litliimn  salts,  238 

Live  wires,  268,  272 

Loiiif  line  trattsiiiissioiis,  273,  287- 

288 
Low  blood  pressure,  369 

-  Voltaire  main  currentH.  269 
Lumbatro.  T8,  148,  164.  257.  313 
Liiiiibrical  muscles,  190,  195 
Lupus,  7.  312.  342,  571 
Lyinphadenoina,  238 


M 


Maprnetic    lichi,    42.    -14.    726,    278, 

308 
Mairnetism,  275,  308 
Mairneto-tberai)y.  33,  307-308 
Main  current  (xc  Current) 
Malincerinp,  57-59,  72-73 
Malnutrition,  53 
Matiganeso  peroxide.  107 
MassaKe.  171,  177,  201 

,  facial,  162 

,  witli      passive      movpmonts, 

151,  171 

,  .^wedisli,  77.  177.  202 

Mastoid,    operation    on,    154,    157- 

158 
Mattj^r,  electrical  constitution  of, 

350 
Maxirnuni  effect  of  battorv,  112 
Median    nerve,    inner    ht  id.    191. 

195 
-     -    -     -.  outer  head.  195 
McMiinceal  eechvmoses.  56 
Meniiifritis.  212.  158.  205 

.  }rum;natous.  148,  152.  208 

— ,  posterior  basic,  159 
Mercury  vapour  lamp,  314,  317 
Metabolism.  53.  62.  369 
Metallic  filament  lamps.  110.  317 
Metronome  revorser,  143,  147,  187, 

SvZ 
Microfarad.  108 
Middle-ear  disease,  157 
Mitrratory  neuritis.  203 


Milliampero,  108 
Milliumj)eremptpr,     hot-wire,     30, 

41.  368 
Mimicry,  75 
Moles,  246 

Monoplei;ia,  hystprical,  63 
Moore  liKht.  316-317 
Morphia  habit.  61,  166 
Morton's  static  induced  currpnt, 

37,  358 
Motor,   altprnatintr  curront  (AC). 

285 
,  direct  currpnt  (DC),  29,  283- 

285 
- — ,  Leduc,  6,  283,  300 
Motor-ffenerator,    105,    2  84,    287, 

289 
Motor-macnetie  break,  322 
■    points,  50,  122 

jiower,  return  of,  194 

Motor-transformer,    28.    29,    284, 

293.  300 
Muller  focus  tubes,  333 
Multiple  neuritis.  130,  202,  221 
Muscle,   abductor  laryngeal,  214 

, i)ollici8,  190 

.  adductor  laryngeal,  212 

, pollicis,  190 

,  bieopH,  178.  181 

brachial  is  anticus,  178 

,  ciliary,  208 

,  deltoid,  149,  178.  181 

,  ditrastric,  209 

,  extensor  indicis,  192 

-^, longua  diRitorum,  200 

, . — .   hallueis.  201 

, minimi  ditriti,  192 

, oasis    metacarpi    polli- 
cis, 183 
,   primi   internodii  polli- 
cis, les 
, secundi  intprnodii  pol- 
licis. 192 

,  ,  radial  of  wrist.  145.  178 

,  -,  ulnar  of  wrist,  145 

,  extensors     of     Angers     and 

thumb.  145.  192 

.  flexor  brevis  pollipis.  190 

. carpi  radialis,  195 

, ulnaria,  189 

■ , loHRUs  pollicis,  195 

, profundus     digitorum, 

189,  195 

— — , ■    sublimis  digitonim,  195 

.  grastrocncmius,  142,  303 

,  iflutpus,  149,  303 

— — ,  hypothenar.  190 

.  infprior  obliqup.  208 

,  infraspinatus,  178-182,  303 

—  -,  interossei,  52.  145.  189-194 

.  intrinsic  hand,  i45,  179,  305 

.  latissimus.  303 
- -.  levator  anguli  scapulae,  182 

. palpebrw.  208 

.  lunibrirals.  190.  195 

,  massptpr.  209 

,  niylo-hyoid.  209 

,  opponens  pollicis,  190 
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219 
160. 


195 


Musch',  orbiculariB  oris,   153, 

.  - — ■  palpebrarum,    '53,' 

304 

— p  pahnariH  IniiifiiH,  195 

.  ppctoral.  191.  303 

. .  clavicular,  181 

,  peroni'i,  201 

■•  pronator  radii  tcn-s.  178 

,  quadriceps  cruris,  304 

—  ■joq'"'"^^*'""     "'     dcuinoration 

,  recti,  of  oyo,  208 

■  rhomboidH,  182,  217 

,  Hcalonc,  177,  182 

,  sprraturi  ma(?nuH,  182,  504 

,  8i)lpniuH,  225 

-  -.  Rtapcdius,   154 

,  stcmo-mantoid.  215-218,  225 

,  supinator  Ioiirus,  178,  183 

,  supra.spinaturt,  178,  181 

;  temporal.  209 

,  teiiHor  tympani,  209 

,  tibialis  anticus,  200,  305 

,  of  toriKue,  218 

— — .  trachelo-mastoid    225 

,  trapezius,  215,  225,  304 

.  triceps,  183 

.  zyRomatici.  161,  162 

Muscular  dystrophy,  137,  303 

rheumatism,  3,  78,  257 

Musculo-spiral  paralysis.  183 
Mutism,  hysterical,  68,  214 
Myalffia,  78 
Myasthenia  gravis,  82,  138, 

214,  219 
Myasthenic  reaction,  137-139 
Myatonia  (sec  Amyotonia) 
Mycosis  funpoides,  345 
Myelitis.  6,  84,  137.  151.  216 
Myopathy,  131,  137,  140.  303 
Myositis,   ischwmic.  131,   132, 

197.  199 
Myotonia  congenita,  305 


209. 


140, 


Nwvus,  4.  242,  244.  346 
Needle-holder,  243-244 
Needle,  insulated,  243 
-,  negative,  243.  244 

,  platinum,  249 

,  positive.  244,  246 

,  steel,  244 

Negative  breeze.  360 

electricity,  319,  351,  352 

element,  106,  117 

•   phase.  28.  294 

Nernst  lamp.  316-317 
Nerve-anastomosis,  216,  218 
Nerve,  auditory,  211 

.  chorda  tympani,  80.  154, 

■ ,  circumflex,  179 

.  compression  of,  196 

,  rratiial,  205 

.  divided.  180 

,  eighth  cervical,  179,  191 

,  external  popliteal,  200 


160 


Nerve,  facial.  153 

-  .  Bfth  cervical.  '77 
,  -        cranial.  209 

.  first  dorsal,  179.  192 

.  fourth  <raiiial.  207 

.  glosso-phar/ngcal.  212 

.  great  iKcipital,  77 

.  hypcrexcitability,  48,  81.  131 

.  hypoglossal.  163,  216,  21  B 

.  injuries.    178,    183,    188,    195, 

200 

.  inner  cord.  191 

-  .  internal    anterior    thoracic. 

.  long  thoracic,  182 
-,  median,  194 
,  musculo-spiral,  183 
.  optic,  205 
,  pelvic.  98 
,  phrenic.  102 

-  ",  posterior  scapular,  182 

.  radial,  184-185 

.  reaction  of,  48,  131 

. of  degeneration  of,  81, 

129.  131  ' 

-  .  recurrent  laryngeal,  214 
--    .  regeneration  of,  197 

-  .  sixth  cervical,  178 

-  .  — —   nucleus,  160 

-  .  spinal    accessory,    163,    211, 
216 

.  stretching.  162,  172 

,  suprascapular,  179 

.  third  cranial.  208 

■ ,  trigeminal.  77.  2  09 

.  ulnar.  188 

-  ,  vagus.  211-216 
Neuralgia,   76,   177.  239,  307.  346, 

360 

-  .  dental,  79 
-    .  facial.  79.  211 

,  sciatic.  77,  164,  171 

.  trigeminal.  5.  210 
urasthenia,  7.  54-62 

.  traumatic,  55 
urasthenic  headache,  89,  360 
uritis,  78,  80,  145.  152,  310 
".  alcoholic,  159,  202 

.  arsenical,  221 
-,  brachial,  5,  172,  202,  203 
- ,  degenerative,  153 

,  diabetic,  221 
-.  diphtheritic.  212 

-  of  feet.  202 
-,  gouty,  173.  200 
-.  gummatous,  148 
-.  hypertrophic.  305 

-,  inflammatorv.  158 
■',  influenzal,  173 
-,  interstitial.  153 
-.  joint  changes  in.  174 
-,  lead,  135.  145,  183,221 

1    ,  local.  152 

i ,  migratory.  203 

i    — — ,  muItiiiU',    130,    152,    158,    20'i 
221,257 

;    .  optic,  205 

.  peripheral,  152,  164,  301 
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Nciirif in.  ixToiical,  200 

.  |)<i^t-(li|ilithirilii',  221 

.  rctro-liulbur,  206 

,  rlicuinatio,  200,  238 

.  Hciatic,  76,  161 

.  iraumatif,  179 

,  trii|iliic  chaiiffcs  in,  174 

,  tulicrcular,  202 

,  ulnar,  190 
Neuroma,  71 
■■  Neuron.-  Tlif.  295,  307 
Neuroni',  lower  inotor,  133,  140 

—  ,  upper  motor,  140,  150 
NeuroM.-,  72 

Neurotic  taeliyeanlia,  70 
Nii;)it  terrors,  60 
Noiloli  valve,  2,  6,  29S 
Nuilear  lesion,  faeial,  163 
NueleUH  anil)iRUUH,  212 
NystaKuiu.-i,  B5 


Oba«h  dry  cell,  9.  16,  107 
Obstetrical   paralyt^is,  177 
Occluded  Rase.-.  331,  335 
Occupilt'o'i  neuroses,  222 
Ocular  paralyses.  84,  207 
Ohm,  16,  108,  168 
Ohm'tf  law,  HO 
Open  an',  317 
Opium  poisonintr.  102.  103 
Optic  atrophy,  86,  205 

--    neuritis.  205 
Orthodiagraph,  339 
Oscillatory  currents,  38,  362,  365 
Oscillograph,  279 
Osmo-rcBulator.  330,  331,  337 
Osram  lamp,  110,  317 
Osteo-arthriiis,  149 
Oudin's     resonator,     39,     40,     328, 

365 
Ovarian  tenderness,  66 
Ozone,  308 


Pat'hymeningitis,  165,  216 
PalatP,  soft,  211 
Palpitation,  69 
Paralysis,  alcoholic,  184 

-  -   of  cervical  sympathotii',  192 

-  of  conjuffato  movements  of 
eyes.  160 

,  nuclear,  160 
,  periodic,  306 

-  -,  post-anesthetic,  183,  188,  20t 
,  spastic,  137.  302 

,  Sunday,  183 
Paraplegia,  ataxic,  84 

,  chronic.  85 

,  flaccid.  15! 

.  hysterical,  63-65,  361 

.  spastic,  49,  64,  302 
Passive  hypera;mia,  372 


Pastilles.  Uoltzknecht,  337 

- — ,  plalino-cyaniile    of    barium, 

343 
— ,  Subouraud's,  337 
Patients  battery,  15 
Peptic  ulcer,  92 
I'erineuritis,  155,   164 
PerKjdic  paralysis,  306 
Periodicity,  294 
Peripheral  neuritis.  301 
Peristalsis.  91 
I'eritonitis.  hystiTical.  67 
Peroneal  atrophy,  303-305 
PfliiKer,  on  elect  rotoiiu-;,  125 
Phantom   tumour.  07 
Phosphore-cenee.  319.  320,  331 
Photoiihobia,  81 
I'ldKeon's  static  machine,  356 
Pin-point  lields,  206 
Pitchbleiid<'.  349  • 
Plantar  rt-flex,  65 

,  extensor,  65,  84,  85 

— ,  flexor,  65 

Platinoid  wire,  26 

Platysma,  133 

Pleurisy,  3,  79 

Pleuritic  efTusion,  342 

Pohl's  eonimutator,  144 

Polarisation,  106.  112 

Polarity.  37,  117,  357 

Poles,  positive  and  ueRative.  117. 

127-129 
Polioencephalitis,  160 
Poliomyelitis,  acute,  49,  140,  141 
— ,  chronic,  136.  140 

,  subacute,  140,  144 

Polyarthritis,  310 
Polyphas(>  currents,  296 
Positive  ele-tricity.  352-353 

phase,  '/.8,  2  94 

Postrdiphtheritie  neuritis,  221 
Post-innuenzal  debility,  54 
Posterior  cord,  192 

spinal  roots.  149.  204 

Potassium  iodide.  241 
Pressure  sensations,  193 
Primary  faradic  current,  43 

solenoid,  38,  365 

Progressive     muscular     atrophy, 

219,  223,  302,  305,  306 
Prolapse,  rectal,  4,  100 

,  uterine,   4,   101 

Proiinrtion    of    current    in    bath, 

251.  260 
Pruritus,  7,  346 
Pseudo-hypertrophic        muscular 

atrophy,  303 
Pseudo-tabes,  221 
Pseudo-vriU'r's  cramp.  224 
Ptosis.  82.  139 
Pupil-dilator  fibres.  192 
Pupil,  paralytic  dilatation  of.  82 
Pupils,  Argyll-Robertson.  208 
Pyloric  obstruction.  92 
Pyrexia,  70 
Pyrolusite,  107 
Psychical  symptoms  in  hysteria, 

70 
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Quantimctrr,  Kiciibfickn, 
(jtcirtz  himp,  316 
Quiiiirie,  in  iH'uraljfia,  79 


337 


Itudiunt  heat.  87,  310 
Kadio-aitivf  HubstaiiccH.  349-350 
Kadioohroiiioniftcr,  336 
Kadiuin.  334,  348 
Jlanindin'rt  static  iiiachinf,  353 
Uayiiaud's    dinoaso,   4,    2  2  6,  257, 

Roattioii,  cyanotir,  50,  137 

- — -   of  drtrciicratioii,  48.  ao.  129, 

134.  184.185 

««• —   '"    lUTvi',    48,    81, 

131 
,  i)artial,    80,     134, 

135,  154,  196  ' 

,  niyatithenif,  137-139 

Ki'-charBiiiK  dry  ccUh,  115 

R<'d  light,  317 
Keflext'H,  64 

,  oxtpnaor  plantar.  84,  85,  151 

,  flexor  plantar.  65 

,  pupil,  70.  192.  208 

,  BuptTftcial.  65 

UcRPtioration  of  norvp,  197 
Renal  disease.  361,  369 
Respiratory  failure,  102,  272 
Resistance  of  bath,  251,  260 
Resistances,  13,  26,  252,  300 
-^,  internal,  16,  112,  113 

of  skin,  18,  16^,  234 

Retinal  stimulation,  206,  264,  267 
Retro-col  lie  RpaBtn,  225 
Rheumatic  fibrositis,  78,  164 

(fout,  238 

neuritis,  200,  238 

Rheumatism,  7.  152 

,  chronic,  78,  369 

,  muscular,  3,  78.  257 

Rheumatoid  arthritis,  5,  78,  371 

Rickets.  3.  53.  135 

Rigidity  in  hyst«'ria,  64  ! 

,  late,  49.  84.  151  I 

Rings,  slip,  29.  30,  280,  284.  297         ! 

Ringworm.  343 

Rodent  ulcer.  239.  313 

Rontgen  rays.  312  (."ce  nl.-o  X-ray)    i 

Rotary  converter.  284  j 

transformer,  289  i 


Sabouraud's  method,  343 

pastilles,  337 

Salicylate  of  soda,  169.  241 

Salicylic  acid  ions,  238 

Schn^e   bath,    31,    172,    227,    258, 

302 
Schulmeister's  galvanometer,  20 
Sciatica,  27,  7f,  164-172,  257,  310. 

313 


Sciatica,  faradiani  in.  77 

-  .  galvanism  in.  166 
,  neuralgia,  77 

H«lcro-is,     amyotrophic     lateral, 

218 
,  combined,  84,  302 

-  ,  disseminaU'd,  6,  84,  301 

-  ,  instilar,  86 

-  ,  lateral.  84,  137.  302 
Secondary     batteries     (st-e     Bat- 
teries) 

Sj'condary  coil  (.••■,■  Coils) 
.Self-induction,    43,    110,    325,    326, 

331,  362,  364 
Sensation,  forms  of.  193-194 
Sense,  stereognosti(\  83 
Senses,  special,  58,  67 
Sensory  crossway,  H3 

—  symptoms  in  hysteria,  66 
Sept!  temic!  neuritis,  221 
Series-Wound  motor,  285 
Shocks,  28.  170,  253,  268-274,  372 

-.  single  faradi<'.  21,  52,  127 
Shunt,  19 

—  circuit,  26 

rheostat,  26,  27,  252,  291 

Sigmoidosco|)e,  113 

Sine  curve.  28,  275.  2  78-280 

Single-phase  (sec  Current) 

Sinus,  frontal,  79 

Sinusoidal  current  (■■'re  Current) 

Skin  effect,  38,  110,  353 

-  ,  glossy.  174,  197,  202 

,  resistance  of.  16,  168,  234 

Sledge  coils  {.<ve  Coils) 

transformer,  28,  30.  32,  291, 

299 
Sleep,  electric,  267 

paralysis,  130,  183,  191.  195 

walking,  70 

Slip  rings  (fcc  Rings) 

tube,  11,  14 

Snow-blindness.  81.  315 
Soft  nibe,  331,  332,  336 
Solenoid.  19,  38,  44 

,  large  cage,  366 

• ,  primary,  38,  365 

Spamer's  faradic  coil,  11 
Spark  coil,  3  21,  329.  364 
Spark-gap,  39,  330 
Sparks,  37,  72,  358-359,  361 
— ,  blue.  368-371 

,  high  t<'nsion,  363 

,  white,  368 

Spasm,  adductor,  £  I 

,  extensor,  84 

,  facial,  74,  162 

,  hysterical.  64,  75 

,  orbicularis,  75 

.  retro-coUic.  225 

.Spasmodic  cough,  68 

torticollis,  5,  64,  76,  216,  224, 

230 

Spastic  paraplegia,  49,  64,  137,  301. 
302 

rigidity,  150 

Spasticity,  84 
Speech,  scannins,  85 
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S|)hiii«t(TM,    iiUMinlinrncc    (if.    58. 

HA 
Spider  iiH-vi.  24-1 
Siiiiial    '.viiliili".  148 

-  tiiiuoiir.  78 
S|iiiitcrnii'tiT.  337 

Hplcfii.  <nl,ir(rid.  88.  231.  ZA7 
Sitlt'iiic  uiiivmiu.  234 
Kpliiit.  prcHHuro  from.  132 
S<|)nii(r«l  MhoiildiT.  218 
Spriiift  contact.  26,  254,  302 
Htuhili-  KulvuniHtn.  4 
Static  churKiiiK.  360 
induction.  37.  358 

-  machines.  34.  328.  353-357 

.  output  of,  356.  362 
transformer.  32,  270.  287.  269 
Step-Ill)  tranMformer.  41.  287.  290. 

327 
Steppage  Bait.  200 
Sterility.  347 

Stittmata.  hysterical,  55.  207 
Stomach,  dilated.  3.  01,  100.  136 
StrabismuH,  82.  208 
StricturcH.  248 
Strychnine  ions.  2.40 
SiiKircstion,  treatment  hy.  73,  74. 

91 
Superfluous  hairs,  246 
Supranuclear  leniun,  163 
Suture,  Hecondary.  193 
Switchboard,  25.  272 
Syncope.  3.  102.  273 
SynchronouH  motors,  286 
Syphilis,  148.  159.  200.  205.  208,  210 
SyrinKomyolia,  212,  219.  223 


Tabes   dorsal  is.   78,    86,   205.  208, 

226 
Tabetic  pains.  87. 164 
Tachycardia.  69,  70,  88,  230,  233, 

257 
Tantalum  focus  tubes,  333 

lamp.  110.  317 

Taste,  loss  of.  Ifv  157,  160 
Teeth,  carious,  81 
Telephone  wires,  live  271 
Tesla  transformer,  38.  365 
Tetanus,  from  DC  main,  124 

.  anodal  and  kathodal.  130 
Tetany,  135-136 
Third  rail.  124.  2T1,  287 
Tliomsen's  disease.  305 
Threo-phaso  current  (f-rc  Current) 
Three-wire  system.  256 
Thury  system,  288 
Thyroid  frland,  87.  230-233 
Tie.  convulsive.  7«.76,  82.  224 

-    douloureux,  75.  79 
Tinnitus.  211 
Tobacco  amblyopia.  206 
Torticollis  (sec  Si)asmodic) 
Toxaemic  headache,  310 
Toxic  amblyopia.  206 
Transformers     (sec     D'Arsonval, 

Sledge.  Static,  Step-up.  Tesla) 


TransviTse  lesiiin  of  cord,  49,  50, 

140 
Trainuntic  neiirastlienia,  55-60 
Tremors,  intention,  85 
Triiceminal  neiirulKia.  5,  77.  210 
Trolley  wire,  124.  271 
Trophic  chaiiKes,  197 
Trousseau's  sign.  136 
Tubercular  ioint.  149 
lunu.  X-ray.  341 
neuritis.  202 
Tumours,  cerebellar.  158 

.  <erebral.  159.  205 
«        of  medulla,  219 

,  pelvic.  164 

.  phaiitoin,  67 

.  pontine.  158 
-    .  spinal,  78,  165 


ricers,  7,  119,  318,  360 
,  corneal.  81 
.  peptic.  92 

-  .  rodent.  239 

-  .  X-ray.  338 
Ulnar  anaesthesia,  193 

nerve  paralysis,  188,  192 

-  -    neuritis,  190 
ritra-vinlet   rays,    310-316,    318, 

334 
I'nipolar  method,  244 
Unit,  Board  of  Trade,  109 

-  of  capacity,  108 
of  current,  108 
of  KMF,  108 

-  of  energy,  109 

-  of  quantity.  108 

-  of  resistance.  108 
Uranium  rays,  349 
Urate  of  soda.  239 
Uviol  lamp.  315 


Valve.  Nodon,  2,  6,  295 

tube.  327-329.  .^1.  332 

Vaso-motor  paralysis,  59,  65,  226, 
371 

Venules,  dilated.  244 

Vertigo,  laryngeal,  215 

Villard  valve-tube  (»ec  Valve- 
tube) 

Visceral  symptoms  in  hysteria, 
68 

Visceroptosis,  95 

Vision,  ypllow.  206 

Visual  fields,  contracted,  58.  67.  74 

Volkmann's  contracture,  199 

Volt,  107 

Volt-regulator,  26,  2  7,  32,  291. 
302 

Volta.  105 

Voltaic  pile.  105 

Voltameter.  108 

Voiriting.  68 
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Waittitiir,  frfiicral,  141 

• ,  rauM-iilar,  140,  148.  149 

Watt.  109.  317 

Watt-hour.  109 

Wavn-li-nuthg.  364 

W»'hn«'lf«  intrrruptor.  325 

Woir-Minhol!  tr«-atnu>nt.  61.  86 

WiTdiiiK-Honiiiiinn  atr«inhy    306 

Wire-bruNh.  59.  ea,  f5.  71.  86,  103 

Wiro  connootiniif),  21-22 

Wire,  platinoid.  26 

WiniHhurHt    italic    machinr.    34, 

354-357 
WrlHt,  dropped.  183 
Writer's  cramp.  222 
Wry-neck,  224 


X-ray  couch.  347 

•  dermatitiH.  338,  342 

,  donaffo  of.  337 

ophthalmia.  81 


Xray  pholoirrnpliy.  341 

.  pr<><'autioiiM  iMTi'NHary,  347 
—     .  Hourci'H  i)f,  321 

ntcriMiM'iipir   pirtiirca,  3 '8 
thiTiipi'iitii'  ttliTtH,  342 
ulccru,  338 
.  u»»'i4  iif,  338 
Wavi-lciiKth.  331,  3C4 


VcIIdw  viMiiin.  206 
Yttria,  316 


Zinc  oli'mcnt,  117 

ions,  239 

Zirconia,  316 

Zone,  hystorogronrtic,  67 

.  peripolar,  125 

-      .  polar.  125 
Zof«t«'r,  hcrpj-H,  235,  346 
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